


Volume 122 





-January-June 1990 


Published for the or 
British Association of Dermatologists _ | 
by Blackwell Scientific Publications — 

Oxford London Edinbi aho 3 = 
Boston Melbourne Paris Berlin Vienr 











British Journal et Dermatology 


The British Journal of Dermatology is owned tw ard is the official organ of the 
British Association of Dermatologists. (: is elso the officiel organ of the 
Nederlandse Vererniging voor Dermato agie en Venereologic (Netherlands 
Association for Dermatology anc Venercologyi. 








stære Hospital, Sheffield Sre 2JF 





Department of Dermatology, Reyal Halls 


ED TORIAL ADVISOR BOARD 
PROF. F.J.EBLING, Steffieid PROF. W.C.NOBLE, London 
PROF. M.W.GREAVES. London PR W.E.PARISH, Shanibrook 
PROF. R.M.MACKIE, Glasgow PROF. J.L.TURK, London 
PROF. B.VERMEER. Laiden 


ASSOCIATE EDITORS 
DR D.A.BURNS, Leicester DE TAWET MARKS, Newcastle upon Tyne 
DR S.M.BREATHNACH, London DR A.G. MESSENGER, Sheffield 
DR M.DAVIES, Plymoeth DE NEIL SMITH, London 


EDITORIAL ASSISTANT 
DE M. WILLIS, Shedield 


EDITOR OF NETHERLANDS SCCIETY PROCEEDINGS 
DR J.J.E.VAN EVERD NGEN 


Department of Dermatology, University of Amstercam, #leibergdreef 9, 1105 AZ, Amsterdam 


BOOK REVIEW EDITOR 


Department of Dermatology, Univernty of Glasgow G12 8QQ 








wens, 


p 


Byer 


The British Journal ef Dermatology is published monthly and the subscription price for 1990 is £85.00 (U.K.), 
£702.00 (overseas except North America), $149.50 U.S.A. and Casacia)y in all cases post free. Subscriptions should be 
addressed to Blackwell Scientific Publications Ltd, Osney Mead, Oxford QX&2 oEL, England. Tel. (086%) 240201. 


‘© 1°90 British Association of Dermatologists. Authorization to pactecopy items for mternal or persona! use, or the 


internal or personal use of specific clients, s granted by the British “esociation of Dermatologists for libraries and other 


asers registered with the Copyright Clearance Center (CCC) Trarzactioaal Reporting Service, provided shat the base 
foe 9i $05.00 per copy is paid directly to the CCC, 27 Congress erect. Saem, MA org7o, U.S.A. Special requests 


MA Ba ha vee 


show be addressed to the Editor. 0007-0963»-90/805.00,. 





se: Pess Ostord 





Printed in Great Britain at the ALS 








Contents 







No. 1: JANUARY 1990 


Serum type IH procollagen DopE dynamic liver function tests and hepatic fibrosis in psoriatic patients 
receiving methotrexate e e ue smn mm es e a e em ema e y 
DEBORAH MITCHELL, A.SMITH, BRENDA ROWAN, T.W. WARNES, ? N.Y. _HABOUBI, S.B.LUCAS AND R. I. G. 5 CHAL. GRS 

The effect of photochemotherapy with 4,4,6 trimethylangelicin on murine cutaneous immune cells _.... 
].ALCALAY, F.DALL’ACQUA AND MARGARET L.KRIPKE 

Cornified envelopes in congenital disorders of keratinization 2.0 o es en a, vide, A ek wii a wee 
$.MICHEL AND L.JUHLIN 

The effect of bacterial products on human fibroblast and keratinocyte detachment and viability 0. 
D. TAYLOR, C.WHATLING, J.N.KEARNEY, B. MATTHEWS AND K.T.HOLLAND 

The influence of area of application on sensitization by dinitrochlorobenzene oo e es ee man aes, Joe 
J.L.REES, P.S.FRIEDMANN AND J.N.S.MATTHEWS 

Antigen presentation in patients with recrudescent orofacial herpes simplex virus infections o e e s 
].P.VESTEY, M.NORVAL, S.E.M.HOWIE, J.P.MAINGAY AND W.NEILL 

Malignant melanoma: aetiological importance of individual pigmentation and sun exposure 0 es ee s 
H.BEITNER, S.E.NORELL, U.RINGBORG, G.WENNERSTEN AND B.MATTSON 

‘The initial effects on workload and outcome of a public education campaign on pi diagnosis and treatment of 
malignant melanoma in Leicestershire 0 uo e e e ees ea aee men n a u ene 
R.A.C.GRAHAM-BROWN, JOY E.OSBORNE, SUSAN P.LONDON, A.FLETCHER, D. SHAW, BETTE WILLIAMS AND VEENA 
BOWRY 

Monoclonal antibody MAC 387 eee a ee Cee ae antigen shared by epithelial cells in inflammatory 
skin diseases — a ae ean aen a ae ae beng ke Sik, Aid. eana Gait - Hed Gees sei aie (Ane tab 
N. KIRKHAM, $.J.PEACOCK AND D.B. JONES 

The permissive effect of sebum in seborrhoeic dermatitis: an explanation of the rash in neurological disorders 
N.C.COWLEY, P.M.FARR AND S.SHUSTER 

Topical propylene glycol and hyperosmolality 0.00 aa e es es eee e ee a Soe aan me ks Sa 
C.A.COMMENS 

Fresh versus cryopreserved cultured allografts for the treatment of chronic skin ulcers o a 
R.G.C. TEEPE, E.]. KOEBRUGGE, M.PONEC AND B,J]. VERMEER 

Topical retinoic acid for treatment of solar damage oo o us ee aes am e as she basic the a bee 
L.LEVER, P.KUMAR AND R.MARKS 

Oral albendazole for the treatment of cutaneous larva migrans Se ES a ae e ee + oaks eR a a 
S.K.JONES, N.J. REYNOLDS, SIMONE OLIWIECKI AND R.R.M.HARMAN 

Aquagenic pruritus associated with the idiopathic hypereosinophilic syndrome .. 2... or fen Gers HS 
JULIA A.NEWTON, A.K.SINGH, M.W.GREAVES AND C.J.F.SPRY 

Naevus corniculatus: anew acantholytic disorder 9 000 ae iea beter, dents hee Bake i 
R.HAPPLE, P.M.STELJLEN AND G.KOLDE 


Correspondence 

Topical cyclosporin A in psoriasis 00 0s. a3 wens | AG Aes wi po ae 
H-].SCHULZE, G.MAHRLE AND G.K.STEIGLEDER 

Premenstrual exacerbation of atopic dermatitis: autoimmune progesterone dermatitis? o ae ee es 
§.TEELUCKSINGH AND C.R.W.EDWARDS 

Sneddon’s syndrome and primary anti-phospholipid syndrome (PAPS) < (Be. We eee 
R.A.ASHERSON AND M.A.KHAMASHTA 

Hand erythema due to infusion of sympathomimetics . a a ee ae Ce ee se 
L.R.M.MORIN, LEPORT, J.C.LOISEL AND C.PEUILLY i 


53 


61 
71 
77 
81 
9I 
99 
103 


107 








Clinical and subclinical HSV infection resulting from exposure to asymptomatic patients“, eee hes a e 


L.AURELIAN, M.WACHSMAN AND ].W. BURNETT i 
Spontaneous regression of infantile digital fibromatosis (00 a ae ae es em em e ae a a aan 
W.J.RYMAN 


Hi 


iv Contert: 


Necrotizing vasculitis and severe atherosclerosis: reso.ution w the vasculitis follow ng surgery 
P.BERBIS, P.PIQUET, C.MERCIER AND ¥.PRIVAT 

Cyclosporin A for treatment of severe lichen planus = | R 
P.D.PIGATTO, G.CHIAPPINO, A-BIGARDI, N.MOZZANICA AND sP FINZI 


Book Reviews _.. 


News and Notices ... .. a hee ane 


No. 2: FEBRUA 





Y 1990 


Human normal-resting epidermal Langerhans cells do express:zive type 3 complement receptor a, 
G.DE PANFILIS, D.SOLIGO, G.C.MANARA, C.FERRARL, C.TORRES2@™7) AND A ZUCCHI 

Cultured epithelia from junctional epidermolysis bullosa letate keratinocytes express the main phenotypic 
characteristics of the disease |. kets “ats a 
L.THOMAS, M.FAURE, F.CAMBAZARD, J .KANITAKIS, P VERPAND j-P.ORTONNME AND |.THIVOLET 

A dose-response study of UVB-induced suppression of contacz-photosensitivity in zte mouse u a a 
G.M.SHIVJI, W.R.BROWN AND C.A.RAMSAY 

Pro-inflammatory mediators induce sustained release o? prostegiandin E, from human dermal microvascular 
endothelial cells a aap So eer ee ey, a OR. eh ek et ee ae Se, ee ce 
HELEN A.BULL, M.H.A.RUSTIN, j.s SPAULL, hc COHEN, E. E. WILSON-§NES AND EAULINE M.DOWD 

Pharmacodynamic measurements of methyl nicotinat: percomaneous absorptio: the effect of aging on 
microcirculation 
K.V.ROSKOS, A.J. BIRCHER, H.I.MAIBACH AND R.E.GUY 

The effect of cyclosporin on human epidermal keratinocytes im metre ef ‘os ud eet, Teh tee ie 
P.J.DYKES, ].BRUNT AND F.MARKS 

The eosinophil granulocyte in psoriasis 3 : a ee T ee 
A.LUNDIN, K.FREDENS, G.MICHAELSSON AND P.YENGE 

The specificity and cellular origin of ent igthanclamine N-metity itransferase (PNMT)-like immunoreactivity 
in psoriatic skin ... 
O.JOHANSSON, A.OLSSON, a. ENHAMRE, | PRANSSON, H HAMMAR..3-W.HAN AND M.GOLE-STEIN 

Are ACA and Scl 70 antibodies mutually enclave: 7 ao Whe he Gu eae wake 
MARIA JARZABEK-~CHORZELSKA, MARÍA BLASECZYK, ZOFIA ROLACINSKA-STRASZ, STEFANIA JABECNSKA, 
T.CHORZELSKI AND G.G.MAUL 

Investigation of skin by ultraviolet remittance spectroscopy = a a a a 
K.F.KOLMEL, B.SENNHENN AND K.GIESE 

Dermatitis due to intravesical mitomycin ©: a delayed-type hypersensitivity reaction? ree cee, Mie. 1042, ake 
G.B.COLVER, J.A-INGLIS, EVA MCVITTIE, M-].SPEMCER, D.A.TOLLEY AND ].A.A UNTER 

Treatment of psoriatic arthritis by extracorporeal photechemothe:apy 0 ao aa ee ee 
H.WILFERT, H.HGNIGSMANN, G.STEINER, |.SMOLEN AND K.avOLS= 

Superior antibacterial action and reduced incidence ef wactez a! resistance in minocycline compared to 
tetracycline-treated acne patients 0 Ta (A es, A E tie 
E.ANNE EADY, J.H.COVE, K.T. HOLLAND AND W, pi CUNLIFFE 

Mautilating palmoplantar keratoderma with ial dein Keratotic cuaques (Oimeted’s syndrome} 
D.J.ATHERTON, CAROLINE SUTTON AND B.M.JONES 

Homozygous variegate porphyria: a case report. 2200 2a z a yai te aur dat. ott oa: ee 
P.G.NORRIS, G.H.ELDER AND ].L.M.HAWK 





Society Proceedings 
British Society for Investigative Dermatology Annual Meetiag, Ermingham, September 1989 


Correspondence 
Pneumocystis carinii pneumonia following methotresate | 
A.J.CARMICHAEL AND K.S.RYATT 


Bock Review .§ . .. 


T20 


T21 


127 


137 


147 


153 


165 


173 


18x 


195 


201 


209 
217 


225 


233 


245 


253 


259 


291 


292 





Contents 


No. 3: MARCH 1990 


< The discrimination between nickel-sensitive and non-nickel-sensitive subjects by an im vitro lymphocyte 

. transformation test Blin sin: aa Sinn Wee site ile ae es sl, Ges. ees ee sel, . Sat 

“KLM EVERNESS, D.].GAWKRODGER, P.A. BOTHAM 4 AND J.A.A.HUNTER 

_ Nickel-sensitive patients with vesicular hand eczema: oral challenge with a diet naturally high in nickel =... 

GD. NIELSEN, L.V.JEPSEN, P.J. JORGENSEN, P.GRANDJEAN AND F.BRANDRUP 

_ HLA-A,B,C and DR antigens in nickel contact sensitivity ~ Ble oe meas ae Seek eet ce hee 

| N.MOZZANICA, L.RIZZOLO, G.VENERONI, R.DIOTTI, S.HEPEISEN AND A.F. FINZI 

Immunchistochemical identification of interleukin 1a and f in human eccrine sweat-gland apparatus 
$.REITAMO, HELI S.1.ANTILLA, LILIANE DIDIERJEAN AND J-H.SAURAT 

T-cell inducer populations in cutaneous inflammation: a predominance of T helper-inducer lymphocytes (THi) 
in the infiltrate of inflammatory dermatoses — a ues aes em ee ren e A a O Se es ete S 
A.C.MARKEY, M.H.ALLEN, C.PITZALIS AND D.M,MACDONALD 

Differential modulation of keratinocyte intercellular adhesion molecule-1 expression by gamma interferon and 
phorbol ester: evidence for involvement of protein kinase C signal transduction 0... ~. er ee 
C.E.M.GRIFFITHS, J.ESMANN, G.J.FISHER, ].]. VOORHEES AND B.].NICKOLOFF 

Cutaneous reactions to substance P and histamine in atopic dermatitis ~ ae. ee Ges eee Siac, AE, AN 
LH.COULSON AND C.A.HOLDEN 

Thermographic assessment of patch-test responses Oa, a Gas e ae ee A ee 
A.J]. BAILLIE, P.A.BIAGIONI, ANGELA FORSYTH, JENNIFER J.GARIOCH AND D.MCPHERSON 

The influence of microwave radiation on transdermal delivery systems o 0 ee Wit. etd Soe, ah 
H.MOSELEY, S.JOHNSTON AND A ALLEN 

Uroporphyrinogen decarboxylase ee in hepatoerythropoietic porphyria: further evidence for genetic 
heterogeneity 000 ene es ete. fee seg. vt eat. othe Nee, ee, Agen GM’ ane" AEE 
F.KOSZO, G.H.ELDER, A.ROBERTS AND N.SIMON 

Factor XIII in scleroderma: i vitro studies Sth. Ae m ee Rinks wade Cate, Ben ie, he ae 
M.PAYE, DOMINIQUE READ, BETTY NUSGENS AND C.M.LAPIERE 

Type VII collagen is expressed but anchoring fibrils are defective in dystrophic epidermolysis bullosa inversa 
LEENA BRUCKNER~TUDERMAN, KIRSTI-MARIA NIEMI, MATTI KERO, URS W.SCHNYDER AND TIMO REUNALA 

Intraepidermal leakage of plasma proteins after tape stripping of normal skin and uninvolved psoriatic skin .... 
M.VERSCHOORE, C.KOWALEWSKI, M.JARZABEK CHORZELSKA, B.A.BERNARD AND Y.M.DARMON 

Incidence of non-melanoma skin cancer in West Glamorgan, South Wales 00 ee 
D.LLOYD ROBERTS 

Recombinant interferon 22a is effective in the treatment of discoid and subacute cutaneous lupus erythematosus 
J. THIVOLET, J].F.NICOLAS, J].KANITAKIS, S.LYONNET AND B.CHOUVET 

Plasma exchange in refractory cutaneous vasculitis .... hn ae. “ke ee nes Stee Gills dea wie oe ~es 
A.N. TURNER, $.WHITTAKER, ILBANKS, R.RUSSELL JONES AND C.D.PUSEY 

Epidermolytic hyperkeratosis: generalized form in children from parents with systematized linear form 
V.NAZZARO, E.ERMACORA, B.SANTUCCI AND R.CAPUTO 









Correspondence 


Erythropoietic protoporphyria and iron therapy o e e ee es ea re n, ae G 
B.M.MCCLEMENTS, ANN BINGHAM, M.E. CALLENDER AND ELISABETH R. TRIMBLE 

Lichen planus following HBV vaccination: a coincidence? sete, a TW. eee A A ae, ie. ieee Bio, shee 
MARINA CIACCIO AND A.REBORA 

Cyclosporin A in psoriasis: interaction with carbamazepine _.. aa, She. i Wh (inde wads uel cae aa Wels 
O.M.V.SCHOFIELD, R.D.R.CAMP AND G.M.LEVENE 

A controlled-trial of house dust mite eradication using natamycin in homes of patients with atopic dermatitis 
C.F.H.VICKERS 


No. 4: APRIL 1990 


Recognition of two distinct major antigens by bullous pemphigoid sera Bk wits. oss Sa, 2, ote Be Fes ; 


A.L.COOK, T.H.P.HANAHOE, R.B.MALLETT AND R.J.PYE 
Western blot analysis of the antigen in pemphigoid gestationis oe e ces see ses sem c em see 
SUSAN E.KELLY, B.S.BHOGAL, FENELLA WOJNAROWSKA, P.WHITEHEAD, IRENE M. LEIGH AND M.M.BLACK 


293 


299 


309 


315 


325 


333 


343 


351 





= CGontears 


Alterations induced in nermal humas stin by a vive iacerferon-gamme 
J-.N.W.N. BARKER, M.H.ALLEN AND ©... MACBONALB 

Epidermal adenylate cyclase system œ en by diecylg »weroi-provein kinase C signal, but not by calcium 
signal . a, eee eae me Oe te : aO 6 ue cle jock ees noe ea | Bs Sule 
H.UIZUKA, H.SAKAI AND M.KINOUCH! 

Markers for proliferation and keratin:zation in he margin cfche active psoriatic lesion | 
$.DE MARE, E.DE JONG, P.E.J.VAN ERP AND P.M. VAN TE KEREKHOF 

Beta-adrenergic stimulation of cyclic AMP is defective in ceeturec derma! fibroblasts of psoriatic subjects 
D.J.EEDY, J.P.CANAVAN, C.SHAW AND E.R. TRIMBLE 

Serum levels of trace metals in children with atopic eezema 
T.J.DAVID, F.E.WELLS, T.C.SHARPE, 4.0.C.GIESS AND J EVLE* 

Dose-response relationships for topically appked antigens 
H.C.EUN AND R.MARKS 

Histamine release from rodent and humar: mast celis induced èv protoporphyrin amc ultraviolet light: studies of 
the mechanism of mast-cell activatiea in erythropoietic crotoporphyria ud . tte ae A wee 
RENEE A.GLOVER, CYNTHIA S.BAILEY. RIM E.BARRETT, $L WISSERMAN ANB IRMA GICLI 

6-Methylangelicins: new monofunctiona! photachemorherapeatic agemts for psoriasis . 
M.CRISTOFOLINI, G.RECCHIA, $.BOL F.?ISCICLI, ©. BORDIN, EBACCICKETTI, F.CARLASSARE, M. TAMARO, B.PANI, 
N.BABUDRI, A.GUIOTTO, P.RODIGHIERG, D.VEDaLD! AND F.DALI ACQUA 

in vivo tretinoin-induced changes in skin mechanical preperty:: ip. Suite Hii. 44d 
E.BERARDESCA, P.GABBA, N.FARINELLI, 3. BOREONE AND 6.RARSIOS! 

Serum lipid elevation during isotretineim «herapy fer acre in tm: West of Scotland oo... 
B.R.WALKER AND RONA M.MACKIE 

Effect of BN 52021, a platelet activating fector amtagoras:, on 2 threneinduced infiammation a eos 
L.KEMENY, M.CSATO, P.BRAQUET ANE. 4 DOBCZY 

The antipruritic effect of a sedative and a aon-sedative antihissarmine in atopic dermatitis 
C-F.WAHLGREN, 6.HAGERMARK AND &. BERGSTROM 

Failure of oer to reduce a im mia dermatitis: a double-blind, placepo-controlled cross-over 
study o a a a ah o Bel. Gen Mer het. ee 
].BERTH-JONES AND R.A.Cc.GRAHAM-BROWN 

Meroderma pigmentosum variant: response to etretinate 
].BERTH-JONES AND R.A.C.GRAHAM-BROWN 

Congenital self-healing Langerhans cell histiocyzesis wih persistent cellular immunological abnormalities 
B.WHITEHEAD, M.MICHAELS, R.SAHNI, §..TROBEL AND J.) HARPER 













Cerrespondence 

Psoriasis, nails, joints and autoimmunity 
P.V. HARRISON, K.KHUNTE AND J.A.MORRIS 

Satisfactory resolution of Jessner’s lympho«ytic uafileration of the skia following treatment with etretinate ... 
JACQUELINE MORGAN ANB JILL ADAMS 

Diffuse cutaneous mastocytosis, 22 years on 
W.E.BEER, E.S.EMSLIE AND M.HUGHES 


Book Reviews... es e ee a we me & tee ce 2 di, ae 


News and Notices .s—s«w¥“asi‘(i‘iS:~—~—~—T—"n.. 


Ne. s: MAY pwo 


Epidermolysis bullosa acquisita antigen amd the carboxy termins of rype VH collagen have a cemmon 
immunolocalization to anchoring fibrils and lamina dersa oCbasermeng membrane i. 

or. H.SHIMIZU, J.N.MCDONALD, D.B.GUNNER, oA.M.ELACK, E BHOGAL. EM paris P.C.WHETSHEAD AND R.A.) EADY 

Immunomodulating cytokines in atopic dermatitis and psorias 
lymphotoxin by mononuclear cells in creo 
A.KAPP, A. TEXTOR, J].KRUTMANN AND ADACSLLER 








Antigen-presenting cells in the skin and placenta in pemphigoid gvstanonis ae ae — 
$.E.KELLY, M.M.BLACK AND S.FLEMING 

Soir urticaria: studies on mechanisms of tolerance Ss y | Ee a Seve, se Se Oe Se 
¥.LEENUTAPHONG, E.HOLZLE AND G.PLEW?!S 

Mechanical properties of human forearm arid vulvar skin . a ee ť KE ae Ge 


P ELSNER, D.WILHELM AND H.1.MAIBACHE 


491 


sol 


513 


525 
531 
539 


545 


533 
339 


563 


569 
570 


571 


573 


576 





Contents 


#duced vasoactive responses in port wine stains mre is ioe ee ee sete nena tenn ratte tae 
O SQW.LANIGAN AND J.A.COTTERILL 
ontact dermatitis with negative patch tests: the additive effect of all allergens in combination dan ike. ak 
SoC O J.MCLELLAND AND S.SHUSTER 
 $kin-derived antileucoproteases eas characterization of two new elastase inhibitors from psoriatic 
"O epidermis ar ces seio dyd iiie (Cean baw HS PR eos a a a oe 
J SCHALKWIK, A. CHANG, P, JANSSEN, G .J.DE E JONGH AND P.D.MIER 
Discoid lupus erythematosus-like lesions in carriers of X-linked chronic granulomatous disease... 
| ].H.SILLEVIS SMITT, R.S.WEENING, S.R.KRIEG AND ].D.BOS 
Multinucleate cell angiohistiocytoma: an acquired vascular anomaly to be distinguished from Kaposi’s sarcoma 
E.WILSON JONES, R.CERIO AND N.P.SMITH 
Renal function after long-term low-dose cyclosporin for psoriasis _... de. ele pas. Aes mS He 
A.V.POWLES, D.CARMICHAEL, B. HULME, E.THOMAS, ].MCFADDEN, B.BAKER, H. VALDIMARSSON AND L.FRY 
Cyclosporin A levels in suction-blister fluid of patients with psoriasis treated systemically ay ek ate Bey 
M.M.H.M.MEINARDI, J.P.VAN EENDENBURG, J.OOSTING, C.J.VAN BOXTEL, M.A.DE RIE AND J.D.BOS 
Cyclosporin A treatment of systemic sclerosis o ee ee atte wise,” AnA eiit 
H.ZACHARIAE, L.HALKIER-SORENSEN, L.HEICKENDORFF, E.ZACHARIAE AND H.E.HANSEN 
Development of folliculitis and pyoderma gangrenosum in association with abdominal pain in a patient following 
treatment with isotretinoin —.... sank aes Saha atan tubs Sih, WAR aed. aS aca. Gel ile: te aie ae. Vee 
B.R.HUGHES AND W.J.CUNLIFFE 
Keratitis, ichthyosis and deafness (KID)-syndrome: report of three cases and a review of the literature .. 
K.LANGER, K.KONRAD AND K.WOLFF 
Cartilaginous pseudocyst of the external auricle in children with atopic eczema bas, (ei, “ech ies ae 
J.DEVLIN, C.J. HARRISON, D.J. WHITBY AND T.J.DAVID 
Cowpox presenting with a sporotrichoid spread: a case report... _. 2 wee Bie, es Dee: Bae: tes Yak wes 
R.J. MOTLEY AND P.J.A.HOLT 
Acral granulomatous dermatosis = _.. here, Eh alia deh, estes aie se, a. ee 
S.MIYAGAWA, M.KITAOKA, M.KOMATSU, K.SAKAMOTO AND T.SHIRAI 






Correspondence 

Venous stasis ulcers, stasis dermatitis and mothers’ political ambitions for their offspring ae ee fas “te 
T.J-RYAN 

Reply sco “ae Gh ae oe a cll. GR. Gs fe Vote ee Ss S D SO E 2 e A 
].L.BURTON 

Alopecia areata treated with diphencyprone: is an allergic response necessary? o tn 
$.MACDONALD HULL, W.J.CUNLIFFE AND ].F.NORRIS 

Interactions between the oral contraceptive pill and antibiotics . et Gis. wat. oe. nua. GR. aoe Lig, at 
B.R.HUGHES AND W.J].CUNLIFFE 

Lithium succinate and seborrhoeic dermatitis: an antifungal mode of action? oo ae ses ed Bie the 
J.P.LEEMING AND ].L.BURTON 

Generalized pustular psoriasis in relation to withdrawal of cyclosporin Ae ees 
M.HEIDENHEIM, A.OXHOLM AND F.DA CUNHA BANG 


Book Review .. a mies we les oe toe Ae Gee ch ee Ree: eee. ee i. Ge ee a a E 
News and Notices .. seek ae ae eee eeo ee ae T eae ci. vein; tee: ede a 


Erratum ........_.... BMS Siti, tee | anos ae a. Oe Gee tee pee ae 


No. 6: JUNE 1990 


Antigens of the major histocompatability complex in patients with chronic discoid lupus erythematosus =... 
j.KNOP, GISELA BONSMANN, P.KIND, 1.DOXIADIS, U. VOGELER, GABRIELE DOXIADIS, G.GOERZ AND H.GROSSE-WILDE 
Nickel~keratinocyte interaction: a possible role in sensitization eee. vite: ae ee wes eee, Vet iat eet ee 


M.PICARDO, CLAUDIA ZOMPETTA, CHIARA DE LUCA, A.CRISTAUDO, C. CANNISTRACI, A. FAGGIONI AND B. 5 SANTUCC I 


Adult mastocytosis: an immunophenotypic and flow-cytometric investigation 
A.D.ORMEROD, R.HERRIOT, R.J.L.DAVIDSON AND H.F.SEWELL 

Neuropeptides in skin from patients with atopic dermatitis: an immunohistochemical study -~ os ee 
C.PINCELLI, F.FANTINI, P.MASSIMI, G.GIRGLOMONI, S.SEIDENARI AND A.GIANNETTI 


A study of etretinate alopecia o o a ee es oid, th. a wade “dead: tenet: aoe Sie, allea tes. , r 


J.-BERTH-JONES, D. SHUTTLEWORTH AND > P.E. HUTCHINSON 


Vil 
615 


623, 


631 


643 


651 


665 
671 


677 


683 
689 
699 
705 


709 


715 
715 
716 
717 
“Ig 


719 


720 
72h 


722 


vill Comte rs 








Recurrent papillomas of the nipple asseciatec with buman mwoillemavirus gi aa aa a a 757 
L.KOWALZICK, M.GRIMMEL, U. WEYER. E-MODE VILLIERS ANG MOISNNER 
Hidradenitis suppurativa: a disease of fe ‘Alicular epithelium, sither tham apocrine glands tie’ Atta Saga , 763 
CARMEN C.-W.YU AND M.G.COCK 
Elucidation of chemical compounds responsible for fact maedour 2 a 771 
F.KANDA, E.YAGI, M.FUKUDA, K.NAKAMIMA, TOHTA AND OSAKA 
Telogen skin contains an inhibitor of her growth ee e aae e an a A 
R.PAUS, K.S.STENN AND R.E.LINK 
In vivo study of scleroderma by non-invesive cechniques _. ten Gene. Beet, Ge. wees oe eee, A sot cum, “PBS 
B.KALIS, J.DE RIGAL, F.LEONARD, ).L.L.2VEQUE, ©.RICHE, YLE CORRE AND O.DE LACHARRIERE 
Increased stratum corneum turnover imcaced oy subclhia d: crritera dermatitis site a bite Bakes et 793 
K.-P.WILHELM, JENNELLE C.SAUNDERS.AND 41 JMATSACH 
Dermatological findings in children EEE T to ees polychlorinated biphenyls in 
‘Taiwan ale wile. GA hee Ge | Mie aes ee. Se oT dup” Mele unde: ety Se ay dee 200 
BETH C.GLADEN, I. S. TAYLOR, YC. WU, N.BETo RAGAN, W.J 22GAN AND C-C.HSU 
Inhibition of photosensitivity in ervihsosoietic protoporohy me wEL ede Me, es es ave, gU di 809 
P.M.FARR, B.L.DIFFEY AND J.N.S.MATTEEWS 
Trial of nedocrornil sodiurn in atopic eczema 7 a Sai somia Gam Say fu aen Goin OED 
E.C.BENTON, H.A.F.MCPARLANE AND R.£T.C.BARNETSON 
Rothmund- Thomson syndrome: a repori:of two patients ancew review of the literature .. tue digg 821 
CELIA MOSS 
Vesiculo-bullous Darier’s disease . 1 et of o doer Vidas Bade ak th. oe Bust 331 
N.R.TELFER, 5.M.BURGE AND T.J.RYAN 
Obituary 
Professor George Findlay a a ee : fe we aa Sar WE ae . 835 
Correspondence 
Requiem for toxic epidermal necrelysis F F 7 ane ae tite -R ee tee A a 837 
A.LYELL 
Neuropeptide-like immunoreactivity tm the skin lesions of atope dernatins and psoriasis a «MOR, aes a. 838 
F.FANTINI, C.PINCELLI, P.MASSIMI AMD a.GIAMNETTI 
Fluconazole in the treatment of refractory eral cancidiasis and omnes pedis m an elderly patient i. aes . $39 
E. HANSEN 
A transient bullous eruption associated with adenovirus infectum ime chid. Win hs: vec eed Aude cate ua. 839 
MARION I.WHITE, R.A.MAIN, ROSSLYN RANKIN AND MARGARE® A.J 8DFFAT 
Deliberate self-poisoning with isotretineim en er ess nee sees 840 
N.C.HEPBURN 
Lichen planus-like eruption and nail changes in « patient with arafte~wermms~host disease ae BAI 
B.J.LIDDLE AND M.A.COWAN 
Agminate lichen follicularis with cysts and «omedones a y e de: R AE A A. a. 844 
F.RONGIOLETTI, G.GHIGLIOTTI, C.GAMBI® 1 ANP A.REBORS 
-The French Triple Centenary, 12 October 1989 e 4 ae. ae apie AS Nest. See Sie Saws B45 
W.A.D.GRIFFITHS AND D.S. WILKINSON 
Book Reviews ... Bae See. A tat <a dy eet, d,s. a. Be... ete. ccs wh S ate nee .7- te 
News and Notices... s—i‘(‘(‘CiéiCC;C;C.”#:Ci;*;YW et. ae ee i Ghee As UN ee ee ee ee e ai 850 
lodek ec. ee, as, a a ta Ae, SR Oe ee ma i Oe OC Oe oe, Se ee a 851 





British Journal of Dermatology (1990) 122, 1-7. 


Serum type III procollagen peptide, dynamic 
liver function tests and hepatic fibrosis in 
psoriatic patients receiving methotrexate 





DEBORAH MITCHELL, A.SMITH,* BRENDA ROWAN,* T.W.WARNES,* 
N.Y.HABOUBI,+ S.B-.LUCAS# AND R.J.G.CHALMERS 


Manchester Skin Hospital; * Liver Unit, University Department of Gastroenterology, Manchester Royal 
Infirmary; | Department of Pathology, Withington Hospital, Manchester and ¢ Faculty of Medicine 
Computational Group, University of Manchester Schoo! of Medicine 


Accepted for publication 26 July 1989 


SUMMARY 


The serum level of the aminoterminal peptide of type III procollagen (P3NP) was measured in 
51 psoriatic patients on long-term, once weekly, low-dose methotrexate and in a control group 
of patients with extensive psoriasis who had never had systemic treatment. Serum P3NP levels 
were normal in all control patients, but were elevated in the majority of methotrexate-treated 
patients, even those with normal or non-specific liver histology. Although the highest P3NP 
values were found in the groups of patients with fibrosis and cirrhosis, isolated P3NP 
measurements did not discriminate between individuals with and without significant liver 
pathology. | 

Neither standard nor dynamic liver function tests were able to identify patients with 
significant liver damage and in most cases results were in the normal range. 


Methotrexate is a valuable drug in the treatment of severe psoriasis but the development of 
hepatic fibrosis in some patients may necessitate its withdrawal. Fibrosis and cirrhosis may 
develop without detectable changes in liver enzymes, and neither radionuclide nor ultrasound 
examination are sufficiently sensitive or specific to detect fibrosis reliably.' Liver biopsy is 
accepted as the definitive test for hepatic fibrosis, but is associated with a small but significant 
risk of morbidity and mortality. Since psoriatic patients may require repeated biopsies during 
the course of prolonged treatment with methotrexate, a serological test reflecting hepatic 


_ fibrosis would be of great value. 


During liver fibrosis there is an increase in hepatic collagen, predominantly of types I and III. 
Collagen molecules are derived from procollagen by cleavage of terminal peptides which are 
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released into serum. Recently a sadicimmunoassey 






has been developed to measure the 


aminoterminal peptide of type IH procollagen (P3N°).* Studies of fibrotic liver disease using 
this assay have demonstrated that serum P3NP is raised in patients with primary biliary 
cirrhosis and chronic active hepatitis but not in those-with chronic persistent hepatitis.’ During 
episodes of hepatitis in patients with alcoholic cirrhosis, serum P3NP levels are markedly 





functional capacity may alee reflect aie ae of Abe The ey ee € mination 
capacity (GEC) is dependent upon hepatic functiora: cell mass. The bromosulphophthalein 
(BSP) excretion test? measures partial hepatic funcciens: BSP-k; measures overal! excretory 
function including blood flow; BSF -k,, hepatic blesd flow and uptake; and BSP-x,, biliary 
excretory capacity. 

This study examined a group of psoriatic patients receiving long-terra methotrexate therapy 
to determine whether their serum P3NP levels or dynamic liver functian tests were abnormal, 
We examined the relationship between serum P3NF concentration. liver function, and liver 
histology and tried to establish whether ether serum PNP levels or dynamic liver function tests 
could reliably indicate the presence of hepatic damage and thas provide an alternative to liver 
biopsy for regular screening of these patients. 


METHODS 


Patients 

The study group consisted of 51 patients with severe psoriasis (age range22~-69 years, median 47 
years) who had received oral methotrexate once week y in cumulative doses of between 545 and 
10024 mg (median 2538 mg) for between 1 and 13 vears (median 5-2 years). All ests were 
performed during a 48-h period in hospital 

Serum was collected for P3NP determination at least s days after the patent’s last 
methotrexate dose and immediately prior to liver bopsy. AM samples. were stored at — 20°C 
until analysis at the end of the study using a standard radioimmunoassay (R-A-gnost® 
Prokollagen III peptid—Behringwerke AG, Marburg, FRG; intra-assay CV = 8-<°,: inter- 
assay CV (n= 10) = 854). 

For both BSP and GEC tests, values below the lower limit of the normal range are regarded as 
indicative of liver damage. BSP excretion kinetics were measured in patients who didnot give a 
history of atopy or adverse drug reactions by the mete nod of Hacki® using a dose of 5 mg/kg body 
weight. The lower limit of the normal range “mean--25D) was: BSP-kj=¢4% /min; 
BSP-k, = 11:3% /min; BSP-k, = 1:5% / man. GEC wes determined by the method of T ygstrup et 
al.,> using a standard dose of galactwse cf 500 mg/kg cody weight and sampling over a 70-min 
period (lower limit of normal range= 4-7 mg/man per kg). 

Serum levels of aspartate aminotransferase “AST) and alanine aminotransferase (ALT), 
alkaline phosphatase (ALP), )-glutamyl transpepticase (GGTP) and bilirubin were measured 
by standard autoanalyser techniqe 

Liver biopsies were obtained by the Menghini technique and immediately fixed in 10°% 
formaldehyde solution. Sections of these biopsies were stained using: haematoxylin and eosin; 
Perls’ stain for iron; PAS before and after diastase; ercein for elastic tissue, hepatitis B surface- 
antigen and metallothionein; and untened reticulin and haematexvlin/picrosiris red for 
collagen. All the biopsies were assessed serai-quantitatively, without knowledge of methotrexate 
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do age, by one observer (N.Y.H.) and allocated to one of five groups according to severity of liver 
: mage: (i) normal histology, (ii) steatosis (fatty change) alone, (iii) inflammation ( + steatosis) 
ithout fibrosis, (iv) fibrosis ( + steatosis + inflammation) and (v) cirrhosis. 


Control groups 

In our study, serum P3NP levels were examined in two control groups: (i) 18 healthy patients 
presenting with non-inflammatory skin disorders e.g. warts or basal cell carcinomata (normal 
group; age range 20-73 years, median 40 years) and (ii) 18 patients with moderate to severe 
active psoriasis who had never received systemic treatment for psoriasis (psoriatic controls; age 
range 20-76 years, median 33 years). All control patients had normal liver function tests and no 
history or clinical features indicative of liver disease. 


Statistical methods 

The non-parametric statistical methods used in this paper were applied to the data using the 
computer programs found in the Statistical Package for the Social Sciences (S.P.S.S. ) All 
probability values quoted are for a two-tailed level of significance. 


RESULTS 


Histology 

Twenty (39%) patients had a liver histology that was described as normal (13) or that showed 
steatosis alone (7); 18 patients (35°) had inflammation without fibrosis; and 13 patients (25% of 
the whole group) had evidence of fibrosis (10) or cirrhosis (3). 


Procollagen peptide levels 

The normal reference range for serum levels of P3NP quoted by the assay manufacturers is 4-12 
ng/ml. None of the subjects in the normal or psoriatic control groups had elevated serum P3NP 
levels (range 2:0-11-8 ng/ml) (Fig. 1), and there was no difference in P3NP values between the 
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FIGURE 1. Serum P3NP levels in methotrexate-treated psoriatics divided according to histological status 
and in control groups. Medians are indicated by bars. The normal range for P3NP is 4-12 ng/ml. 
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TABLE 1. Serum P3 NP concentrations im centrols and in metheotrexas-treated psoriatics grouped according to liver 
histology. Hatched bars shew the groups or comitinazon cf groups beng compared 





Pa NP concentestiwalng/cal)* 
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Controls 
Normal controls is & 4 Foa 3) 


Psoriatic controls 18 T4 Eaa i) 
Methotrexate treated 


Normal 13 1O (Gae Er”) 
Steatosis 7 125 (FRIG a) 
Inflammation without fibrosis 18 138 (&3 
Fibrosis 19 148 (1am 
Cirrhosis 3 Iyo (102 
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* Norma! range «-12 ng/ml. >. soe significant. 


two groups (P > 0:05 Mann-Whitney U-test) (Tab = 1). ‘Serum P3NP levels were abnormal in 
35 (69%) of the methotrexate-treated patients: leves wee significantly elevated above controls 
(P<0-0001 Mann-Whitney U-test’, even in those weteats with normal histology cr steatosis 
alone (P<0-0001 Mann-Whitney U-test) (Fig. 1 levels in patients with undisputed liver 
damage (inflammation, fibrosis anc cirrhosis) were sygmficantly higher than in patients with 
normal histology or steatosis (P< wos Mann-Whieey </-test) (Table 1). 

There was no correlation between serum P3NI° eves amd either the cumulative dose of 
methotrexate or the duration of treatment (Spearmes comrelation coefficients, — 0:0265, n = §1, 
P>o-0§ and 0:0309, n= 51, P>o o§ respectively). 


Liver function 

All patients with normal liver histoiogy or steatosis aio 
Only seven patients had elevated serum ALT anc these were patients with inflammation or 
fibrosis on biopsy. Three patients (with inflammatcom, abrests and cirrhosis) had marginally 
raised AST values. One patient with cirrhosis had a scrum GGTP level of 179 U/L. All patients 
had normal bilirubin levels. 

There was no significant correlation between histologica’ grade and either serum ALT or 
bilirubin values, but statistically significant correlestons between histological grade and AST 
and GGTP were found (Spearman correlation coeffe:ermt, 0-4978, n= §2, P< 0-005 and 0'4681, 
n=§1, P<0o-00§ respectively). However, as statec. abese, most of the standard serum liver 
function test values were within the normal range. 


re hac normal serum aminotransferases. 
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FIGURE 2. Galactose elimination capacity in methotrexate-treated psoriatics divided according to 
histological status. Medians are indicated by bars. The lower limit of normal for GEC is 4-7 mg/min per kg 
(mean — 25D). 


Dynamic liver function tests 

GEC was estimated in §0 patients. Overall 14% had abnormally low GEC values ( < 4:7 mg/min 
per kg) and GEC decreased with increasing severity of liver damage (Spearman correlation 
coefficient, — 0:4249, n= 50, P < 0-005) (Fig. 2). 
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Normal Steatosis inflam. Fibrosis Cirrhosis 
FIGURE 3 7 Bromosuiphophthalein kinetics in methotrexate-treated psoriatics divided according to 
histological status. Medians are indicated by bars. The lower limits of normal are (mean — 2SD): BSP-k;, 
9°4%/min per kg; BSP-k,, 11:3% /min per kg; BSP-k,, 1-5°%/min per kg. 
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BSP elimination kinetics were de:errmined in 35 peueats. BSP-k, was above the lower limit of 
normal in all patients; ESP-k; was abnormally low ir 15°;, and BSP-k, in 9°, of patients (Fig. 3). 
A significant decrease in BSP-k,, BS P-k; and BSP-k. was observed witk increasing liver damage 
(Spearman correlation coefficients. — 0-4709, n = 3% P<0O-0f —0:5914, n= 34, P< 0-001 and 
~ 0°3931, n= 35, P<0-05 respectively) (Fig. 3). 

GEC correlated with BSP-k; (Spearman correlat.2n ecefficient, 0°3707,n= 34, P <0-05) but 
not with BSP-k, or with BSP-k, (Spearman correlation ecefficients, C2593, = 34, P> 0-05 and 
0'2444,n = 35, P > 0-05 respectively). Serum P3NP*Eve's were negatively correlated with BSP- 
ko BSP-k;, BSP-k, and GEC (Spearman correlaticn ceefficents, — 0:3993, n= 34, P<0-05; 
—0°5007, n=34, P<0-005; ~—0 5074, n=35, 3< coos and — ©2958, nm=§c, P<0-0§ 
respectively). 


DISCUSSIO® 


A quarter of our psoriatic patients had fibrosis or cieehcsis, a proporticn which emphasizes the 
need for a reliable and sensitive tes: to detect liver damage. 

A highly significant elevation of serum P3NP levels was found in our methotrexate-treated 
patients compared to the control group of psoriatics whe had never received metherrexate. As 
the control group of psoriatics had normal levels of P3NP similar to normal controls without 
psoriasis, we can attribute the elevated P3NP levels the effects of the methotrexate rather than 
to the effects of active psoriasis per sz, i.e. the raised >aNP levels probaly derive frem the liver 
and not from the skin. 

The exact processes resulting in increased serum P23 P levels following liver damage are not 
known. The raised levels may be due solely to increesed collagen synthesis, or inflammation and 
tissue remodelling may release P38 > from intact procollagen molecules normally present in the 
liver matrix. In our sudy, as in a previcus smaller stucy,’ a wide range of P3NP values were 
found in each histological group, Normal levels were “ound in only three of the 13 patients with 
fibrosis or cirrhosis, and raised leve's were present œ half the patients with steatosis-or normal 
histology. As P3NP levels reflect biochemical turn wer et the moment at which the sample is 
taken, an explanation of normal P3NP levels in the tresence of histological damage is that the 
process producing the damage is reduced or inactive at the time of sampling. 

It could be argued that the raised P3NP level seex in those patients with normal histology is 
due to a false negative liver biopsy. However elevate = serum P3NP may reflect early damage not 
visible on light microscopy; electrommicroscopic studies.are underway to see if there is evidence 
of ultrastructural damage in these gatients. 

Since completion of cur study, Risteli et al.” have published data on serum P3NP levels in 24 
methotrexate-treated psoriatics. A sumilar proporticn of their fibrotic and cirrhotic patients had 
elevated levels of P3NP, but only ome of their patienss wath normal histology had a rassed value. 
The two studies cannot be compared directly, as Pz WP assays with different specificities were 
used. It is apparent, however, that the Risteli assay does not detect the early changes in P3NP 
levels seen in our patients with apparently normal wer biopsics. 

While P3NP was abnormal in half of all our metho: rexate-treated patients, amc in three- 
quarters of those with fibrosis or cirrhosis, the commentional and dynamic liver function tests 
were abnormal in only a quarter of our study patien™ and are thus of little practical value. This 
confirms previous observations that the convention! ancl dynamic live: function tests are poor 
guides to the development of fibrosis in methotre te treatment.°!! In other liver diseases 
dynamic liver function tests are used as serial megswrements to monitor changes s diseases 
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progress, and as such, may be of use in methotrexate-treated een These tests, however, are 
expensive and time-consuming to perform. 

-. The predictive value of sequential serum P3NP estimations in psoriatic patients receiving 
_ methotrexate i is now being evaluated. Electron microscopic studies currently being undertaken 
-may help us to establish whether the elevated serum P3NP levels which we observed in some 
: patients with normal biopsies at the light microscopic level are in fact indicative of active fibrosis 
‘at the earliest stages. If this can be shown, measurement of serum P3NP levels may allow us to 
identify those patients most likely to develop significant liver damage as a result of methotrexate 
treatment. 
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SUMMARY 


The effect of photochemotherapy with 4,4’,6 trimethylangelicin (T MA), a new monofunctional 
furocoumarin with a high antiproliferative activity, was studied on murine dendritic epidermal 
cells. Female mice (C3H/HeN[MT'V ~ ]) were treated topically with the drug three times a week 
for 4 consecutive weeks followed each time by 1 J/cm? of UVA radiation. At the end of the 
treatment almost total depletion of ATPase*, la* and Thy-1* dendritic epidermal cells was 
observed, associated with marked hyperpigmentation but no gross or microscopic phototoxi- 
city. Although 4,4,6 TMA is not phototoxic in mice, it affects the cutaneous immune cells. 


The new furocoumarin, 4,4,6 trimethylangelicin (TMA), has a high capacity to form 
monofunctional adducts in DNA.’ It also has a high antiproliferative activity, but produces 
little or no phototoxicity in the skin. It is, therefore, an attractive candidate as a new agent for use 
in photochemotherapy.* We have assessed the effects of 4,4,6 TMA on immune cells that reside 
in the epidermis of mice. 


METHODS 


Mice 

Specific pathogen-free C3H/HeN (MTV~) female mice were obtained from the NCI- 
Frederick Cancer Research Facility (Frederick, MD, U.S.A.). The mice were 9 weeks old when 
used in these studies and there were six mice in each experimental group. 


Correspondence: Dr Margaret L. Kripke, Department of Immunology, The University of Texas M.D. Anderson 
Cancer Center, 1515 Holcombe Blvd.~Box 178, Houston, TX 97030, U.S.A. 
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Drug i 
446 TMA was dissolved in 70°, ethanol to forn a œ 12 §°% WIV s©ution. “ 
shielded from light. a 


Radiation source Me 
UVA radiation was provided by a Dermalight zoor using an optical Hr filter (Dermaig 
Systems, Studio City, CA, U.S.A.). The lamp as rotated horizontally and the mice we 
placed 22 cm below ina plastic cage separated intc individual chambers. The cage was covered 
with a wire mesh. The spectral irradience was measured under the mesh by a calibrated IL- 
700A research radiometer (International Light, Ine., 'ewburvport, MA, U.S.A.) using a UVA 
detector. The irradiance value was 5-62 mW cm? aad aq-5°,, of the spectral output of the lamp 
was between 320 and 400 nm, with the peak emmrssion occurring at 366 nm. 





Treatment 

‘Treatment was given three times a wees for 4 consecutive weeks. The dorsal fur was removed 
with electric clippers and 250 ug 4.4',6 TMA was applied to the back. Forty-five minutes later 
the mice were irradiated with 1 J/cm? UVA. In the three control groups, one received TMA 
alone, one UVA alone, and one no treatment at all. T verty-four hours after the 1 st, 6th and 12th 
treatments, mice from each group were killed and se treated skin excised. 


Staining procedures 

The epidermis was removed from the dermis after a 2-h incubation at 37°C in buffered EDTA.? 
For ATPase staining, the epidermal sheets were fixed for r h at 4°C ino-o5 M cacodylate-2%, 
paraformaldehyde solution. The stainime was perfermed as described previousiy.* Indirect 
immunofluorescence was used to demonstrate Ia aad Thy-1* dendritic epidermal cells.* 
Briefly, after 30-min fixation with acetone, the epicermal sheets were refrigerated overnight 
with either mouse anti-Ia* or rat anti-mouse Thy r 2 monoclonal antibocies (Becton Dickinson, 
Mountain View, CA, U.S.A.). As their respective scond antibodies, duorescein-conjugated 
F(ab’), fragments of goat anti-mouse IgC and the rbedamine-conjugated IgG fraction of goat 
anti-rat antibodies were used (Cooper Biomedical, Isc., Malvern, PA, J.S.A.) 


Cell counts 

Between 10 and 20 fields from each experimental grcap were counted at x 400 magnification 
using a Nikon Optiphot microscope with « calibrated ocular grid. The results are expressed as 
percentages of the number of cells in the untreated control mice. 


Histology 


aes 


and stained with hematoxylin and eosm. 


Statisties 
Student’s 2-tailed t-test was used to test tie significance of differences between control and 
treated groups. 


Trimethylangelicin photochemotherapy II 


RESULTS 


Phototoxicity and pigmentation 

Before each treatment, the mice were observed for phototoxicity. During the entire treatment 
period, no gross phototoxicity was observed in mice treated with 4,4’,6 TMA plus UVA or UVA 
alone. Intense hyperpigmentation of the skin was observed at the end of 4 weeks at sites treated 
with TMA plus UVA. Histological examination of the treated skin revealed no evidence of 
inflammation. The only changes observed were hyperkeratosis and acanthosis with increased 
pigmentation in the basal and upper layers of the epidermis (Fig. 1). 





FIGURE 1. (a) Hyperkeratosis, acanthosis and increased pigmentation in skin treated for 4 weeks with 
4,4',6 trimethylangelicin plus UVA radiation (Hematoxylin and eosin, x 180). (b) Normal morphology of 
skin treated for 4 weeks with 4,4’,6 trimethylangelicin alone. (Hematoxylin and eosin, x 360). 
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FIGURE 2. Effect of 4,4’,6 trimethvlangelicin (TMA) oiuacLY A radiation on the number of Jat (a) and 
ATPase* (b) Langerhans cells. The mean numbers ( + SEM) of fa” cells per mm? in untreated mice after 
ist, 6th, and 12th treatment were $17 +53, 597+ 52 and 816 ~ 28 and that ef ATPase? cells were 880 + 


38, 794 + 60 and 807 + 45 respectively. @, TMA; O, TMA + UWA; @, UVA. 
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FIGURE 3. Effect of 4,4,6 trimethylangelicin (TMA) plus UVA radiatien on che number of Thy-1* 
dendritic epidermal cells (DEC. The mean raumbers | + SEM) of Thy-1* DEC per mm? in untreated 
mice after 1st, 6th and 12th treaxment were 277 + 24, $02 $ 37 and $02 + 1€ respectively. @, TMA; O, 
TMA + UVA; @, UVA. 
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Effect.on dendritic epidermal cells 

\lthough 4,4’,6 TMA plus UVA had no effect on the number of ATPase? and Ia‘ cells after a 
ingle treatment (Fig. 2), it did significantly (P = 0-03) deplete Thy-1* dendritic epidermal cells 
< (dEC), which following six treatments were totally absent (Fig. 3). At the end of the experiment 
_ {12 treatments) there was almost total depletion of Ia* and ATPase?* cells from the epidermis. 
4,4°,6 TMA alone had no effect on the number of ATPase* cells. However, for la* and Thy-1* 
dEC a small but significant depletion was seen with the drug alone as compared to the untreated 
group at the end of the experiment. After 4 weeks of treatment more ATPase®* cells than Ia* 
cells were seen in the treated skin (P < 0-001). The effect of UVA radiation alone was examined 
after the first and last treatments. UVA alone did not deplete Thy-1* and Ia* cells but 
significantly depleted ATPase* cells. 


DISCUSSION 


Since the introduction of photochemotherapy as a treatment of psoriasis in 1974,° it has been 
shown that 8-methoxypsoralen (3MOP) plus UVA radiation alters immune cells in the 
epidermis.” This bifunctional furocoumarin has, in addition to its effects on cutaneous 
immune cells, marked cutaneous phototoxicity when followed by UVA radiation. Since 8MOP 
has undesirable side-effects, such as phototoxicity and skin cancer induction, efforts have been 
made to find compounds that will have fewer side-effects without loss of therapeutic potency. 
Recently, we found that angelicin, a prototype of monofunctional furocoumarins, plus UVA 
radiation also decreased the numbers of Langerhans cells and Thy-1* dEC.* 

The new drug 4,4,6 TMA is the most active monofunctional furocoumarin identified to date 
in terms of its photobinding to DNA, being four times as photoreactive with DNA as 8MOP.! 
Our study indicates that 4,4,6 TMA followed by UVA radiation depletes ATPase*, Ia*, and 
Thy-1* dEC or their markers from the epidermis, despite the complete absence of cutaneous 
phototoxicity. In addition, fewer Ia* cells were detected than ATPase* cells after 4 weeks of 
treatment, suggesting that the Ia marker is more sensitive to this type of photochemotherapy 
than the ATPase marker. This same differential sensitivity was observed with angelicin 
treatment.* We conclude that 4,4’,6 TMA plus UVA radiation has the same ultimate effects as 
8MOP plus UVA radiation on the phenotypic markers of cutaneous immune cells. The marked 
hyperpigmentation observed after 4 weeks of treatment, without accompanying phototoxicity, 
suggests that this drug would be useful in the treatment of vitiligo. 
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SUMMARY 


A morphological and biochemical analysis was made of cornified envelopes isolated from 
patients with different congenital disorders. Nomarski contrast microscopy of the envelopes 
showed that their morphology was not greatly altered in several types of keratoderma and 
parapsoriasis, but it was grossly modified in ichthyotic disorders. The various types of 
ichthyoses, keratoderma palmoplantare, KID syndrome and parapsoriasis showed, after 
cyanogen—bromide cleavage, peptide patterns similar to those obtained from healthy subjects. 
In contrast, envelopes from patients with Darier’s disease, congenital pachyonychia and 
erythrokeratoderma variabilis showed markedly different peptide patterns. 


The cornified envelope (CE) is an insoluble protein structure synthesized during terminal 
differentiation of epidermal keratinocytes.’ It is formed at the level of the upper granular layer 
by plasma membrane-associated transglutaminase.?’> This calctum-dependent enzyme cata- 
lyses the covalent cross-linking of precursor proteins via 4-glutamyl-e-lysine isopeptide bonds. 
In the epidermis two morphologically distinct types of CEs have recently been identified:* a 
polygonal rigid type (CE,) and an irregularly shaped type with a fragile appearance (CE, which, 
in healthy skin, is only present in the lower part of the stratum corneum. These two types 
possibly represent two successive steps of CE maturation. The stratum corneum of normal 
subjects contains mainly CE,, whereas the scales in psoriasis contain a much higher proportion 
of CEs. Keratinocytes in submerged cultures are only able to form CE;.* 

Several CE precursor proteins have been identified in cultured keratinocytes.°-’ These 
proteins are either cytosoluble, e.g. involucrin,® or plasma-membrane bound.® Involucrin has 
been proposed as the major precursor of cornified envelopes of cultured normal keratinocytes." 
_ However, transformed keratinocytes (line SV-K14), which contain a very low level of 
involucrin, are nevertheless able to form CEs after being treated with a calcium ionophore, 
probably by using a different set of precursor proteins. Moreover cyanogen-bromide peptide 
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mapping of purified envelopes revealed differences : 
normal keratinocytes, SV-40-transformed keratimocytes,” normal epidermis and psoriatic 
scales.* These results indicate that the molecular -omposition of the CE may net be strictly 
constant and may vary according to the availability #fsubstrate proteins when the cross-linking 
enzyme transglutaminase becomes activated. We zeve analysed the CEs from patients with 
various congenital hyperkeratotic ‘esions. 





xthe composition of the CEs from cultured 







Patients 
Keratosts follicularis (Darier’s disease). Five patents, aged 16-62. with typical lesions on 
trunk and legs. 


Keratoderma palmoplantare. Three patients, aged 20-52, with lesions only on soles and palms. 


KID (keratitis, ichthyosis, deafness) svaarome, Agri, aged 10, with keratoderma palmoplan- 
tare and red ichthyotic lesions especially on the face, cars anc extremities. 


merked changes of nails and hair and severe 





Congenital pachyonychia. A boy, aged 14, with 
keratoderma of the soles and paims. 


Erythrokeratoderma variabilis. A woman, aged 2°, with widespread areas of erythema and 
ichthyosis that she has had since birth. 


Parapsortasis. Two patients, aged 61 and 81, wich circumnscribed, oval, slightly scaly and 
persistant erythematous lesions. 


Ichthyosis vulgaris. Three patients, aged 30-27, wath dry skin and marked ichthyotic lesions 
on the extremities. 


Ichthyosis, brittle hatr syndrome. Two brothers, aged 16-18, with dry ichthyotic skin and 
brittle hair since birth. The stature was nermal and an armmo acid analysis had not yet been 
performed to exclude a diagnosis of trichothiocystr phy. 





‘These diagnoses were confirmed both clumcelly acd histologically. 

Collection of the samples 

The patients had no treatment for at least z mom ns before sampling apart from moisture 
creams. The corneocytes were collected frora the stro um corneum by curettage and the material 
obtained placed in an aqueous solution of 2°, sodium dodecyl sulphate (SDS), or% 
dithioerythritol and 0-01°, sodium azide amd stored at 4°C. 


Cornified envelope purification 

Purification was performed as previously described.” The samples were boiled with vigorous 
stirring for 10 min. The CEs were recovered wih § mam centrifugation at 3500 g and 
resuspended in the above described mixture, Botiing and centrifugation was repeated four times 


and the final pellet was suspended in an equivalent volume of Laemmli sample buffer? and 
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transferred into a dialysis bag (Spectra/por 6/132542; M, cut off: 50,000; Spectrum Medical 

idustries, Los Angeles, CA, U.S.A.). The dialysis bag was immersed into an electrophoretic 

mk containing Laemmli running buffer and subjected to electrophoresis at 20-50 V for 24 h. 

The envelopes were recovered by centrifugation and the electrodialysis procedure was repeated 
three more times. 







Cyanogen bromide (CNBr) cleavage of CEs 
The protein content of the envelopes was determined by the Lowry procedure’® after digestion 
with proteinase K. 

The envelopes were suspended in 70°% (v/v) formic acid, and 20 mg of CNBr was added per 
mg protein. Under these conditions, selective cleavage of peptide bonds occurs at the level of 
methionine residues. After 24 h of agitation at room temperature the mixture was diluted 1:5 
with distilled water. After drying under a vacuum the residues were suspended in Laemmli 
sample buffer. 


Electrophoresis 

Electrophoresis of the peptides was performed according to the procedure of Laemmli.’ Fifteen 
per cent polyacrylamide gels were used and 10 pg of protein were loaded per lane. The peptides 
were revealed by silver staining.‘ ' 


RESULTS 


Morphology of the CEs 

The morphological aspects of the CEs obtained from patients affected with different dermatoses 
are presented in Figure 1. As a reference, CEs from normal human epidermis are shown in 
Figure 1a. As described® they mainly consisted of CE, with only a minor proportion of CE;. Due 
to the limited number of patients examined, it is not possible to determine precisely the 
proportion of type CE, and CE; in each dermatosis. As a consequence, the different diseases are 
described in qualitative rather than in quantitative terms. 

The morphology of CEs obtained from patients with Darier’s disease is shown in Figure 1b; 
being mainly composed of CE,. However, their size and shape are more heterogeneous than 
those from normal skin. 

Palmoplantar keratoderma lesions (Fig. 1c) contained mainly CE,. The envelopes were larger 
than those from normal epidermis. CEs prepared from a patient with KID syndrome (Fig. 1d) 
and from a patient with congenital pachyonychia (not shown) were very similar to those of 
normal skin apart from a relative increase in CE;. CEs from a patient with erythrokeratoderma 
variabilis (Fig. 1e) are similar to those from normal skin. 

In parapsoriatic epidermis (Fig. rf) the type CE, is predominant. A characteristic feature of 
this disease was the presence of a nuclear-like inclusion in some envelopes which made it easy to 
distinguish it from psoriasis vulgaris (Fig. 1h). Even though parakeratosis is also a characteristic 
feature of psoriasis, there were no nuclei present in the CE preparation (Fig. rh), indicating 
differences in the cross-linking reaction in both diseases. 

The CEs from ichthyosis vulgaris (Fig. 1g) contained an increased number of type CE; and 
those from one ichthyotic patient were reduced in size. This was also observed in the samples 
prepared from the two patients with ichthyosis, brittle hair syndrome. 


I8 


S.A ichel and * Fiddin 





FIGURE 1. Nomarski contrast micregraphs ( x 120) of the comified er velopes ebtained from normal 


epidermis (a) and from the lesions 


Í patens with Darier + disease (b, keratoderma palmoplantare (c), 


KID syndrome (d), erythrokeratoderma variabilis e), farapweriasis (f), ichthyosis vulgaris (g) and 


psoriasis vulgaris (h). 
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FIGURE 2. Cyanogen-bromide peptide mapping of the cornified envelopes obtained from normal 
epidermis (A) and from the lesional skin of patients with Darier’s disease (B), congenital pachyonychia 
(C), erythrokeratoderma variabilis (D), ichthyosis vulgaris (E) and keratoderma palmoplantare (F). The 
position of molecular weight markers (in kDa) is indicated. 


CNBr peptide mapping 

The CNBr peptide maps of the CEs obtained from different origins are presented in Figure 2. 
The peptide pattern of CEs purified from the lesional skin of patients with Darier’s disease 
differed markedly from those of normal epidermis, in particular at the level of peptides of 
molecular weight comprised between 18 and 6 kDa (map B to be compared with map A). A 
similar difference was also observed in congenital pachyonychia (map C). 

The CNBr peptide maps of CEs obtained from a patient with erythrokeratoderma variabilis 
(map D)exhibited a characteristic peptide of molecular weight 18 kDa not present in the peptide 
pattern of CEs from normal skin. 

The peptide maps of CEs obtained from the patients with ichthyosis vulgaris (map E), 
palmoplantar keratoderma (map F) and of the other diseases studied (not shown) were not 
significantly different from those of healthy subjects. 
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DUOSCUSSIGN 





According to the morphology of the CEs, congenital diserders of keratinization can be divided 
into two classes. One comprises keratoderma pe moplentare, KID syndrome, congenital 
pachyonychia, erythrokeratoderms variabilis and Pérapsoriasis in which the morphology of the 
CEs is very close to that of norma! skia. In the otier class, that consisted of Darier’s disease, 
ichthyosis vulgaris and the ichthwosis brittle hair syncrome, the morphology of the CEs is 
grossly altered. In the ichthyotic-like dermatoses the merphology cf the CEs resemble closely 
that of psoriatic epidermis (Fig. eg to be compared wah Fig. th and contain an increased 
number of CEs. The reduced size of CEs observed in some ichthyotic patients is apparently 
correlated with a reduced size of carneecytes.!* In Carier’s disease, the morphology of the CEs 
is heterogeneous, which could incicate that im this disorder the keratinocyte merphology is 
already altered at the level of the upper granular hwer, nm which the CE is formed. 

The CNBr peptide mapping of CEs revealed taat the peptide composition of CEs from 
patients affected with Darier’s disease, congenial! pechyonychia and erythrokeratoderma 
variabilis are different from those of nomnal skin. The pattern cf CEs from patients with 
Darier’s disease and congenital pachyonvchia showed aneaccumulation of low molecular weight 
peptides similar but not identical to that observed in CEs from psoriatic patients.2 The CE 
peptide pattern from a patient with erytarokeratsderma is strikingly different from that of 
normal and psoriatic individuals. The peptice parterres obtained with CEs from the other 
diseases resemble those of norma! skin. 

The morphology and peptide composition of the CEs are not strictly correlated. Ichthyosis 
vulgaris, for example, shows abnormal ‘Eanorphelsgy with anormal peptide pattern, whereas 
congenital pachyonychia presenzs a normal CE mocpho:ogy but an abnormal peptide pattern. 
This shows that the morphology of CEs does not depend exclusively on the peptide 
composition, but may also be affected by other paraæreters such as the attachment of the recently 
described ester-linked hydroxyecud sphingosine.!“ 

Biochemical studies of congenital disorders of keratimization have been limited so far to the 
analysis of keratin proteins. Bowden er cl.'* found serma? keratin expression in ichthyosis but 
an alteration of the normal keratin pattern in Darier's disease. Expression of normal keratin 
subunits in ichthyosis was confirmed by the immunoblotting technique with AEr and AE3 
monoclonal antibodies.'° These sesuks cn keratin expression in diseases cannot be strictly 
correlated with our findings on the CE Peptide compesition. However, not only the keratin 
subunits but also the CE peptide patterns of ichthvetic patients are dentical to those of normal 
subjects. 

The results show that different dermatoses cas be distinguished by analysing either the 
morphological shape or the peptide pattern of the-CEs, out further work is needed to evaluate 


the use of CE analysis in the diagnosis and classification of dermatological disorders. 
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SUMMARY 


An in vitro model has been developed to study the effect of soluble bacterial products on the 
viability and detachment of skin cell types utilized for cultured grafts. Microbial products 
prepared from clinical isolates of bacterial species which most commonly colonize burn lesions 
showed marked variation in their ability to detach and kill both keratinocytes and fibroblasts. All 
three isolates of Acinetobacter spp. tested were effective in causing detachment and death of 
keratinocytes and fibroblasts, whereas Escherichia colt, Proteus mirabilis and Enterobacter spp. 
tested had little, or no, effect on detachment or viability for either skin cell type. Four 
Staphylococcus aureus isolates elicited variable strain-dependent results with regard to 
detachment and viability. One isolate possessed activity specific for keratinocyte detachment 
and death. These results indicate the possible undesirable effects such bacterial species may 
have on graft success in colonized burn wounds. 


Recent developments in the culture of human skin keratinocytes have led to the prospect of 
improved management of burn wounds. This is particularly appropriate for patients with large, 
full thickness, body surface area burns, who have a high mortality. There are two techniques 
presently in use; cultured keratinocyte sheets’? and skin equivalents, which consist of a 
fibroblast-colonized collagen lattice combined with a cultured keratinocyte epithelium.’ The 
success rate has been variable, even when autologous cells have been used to avoid 
immunological rejection,* and in granulating wounds the graft is less likely to take* as they are 
inevitably colonized by micro-organisms.° The failure of the grafts may be due to the effects of 
bacteria on the cultured skin. 

As a first step in determining whether the micro-organisms colonizing the wound could 
directly affect graft-take, an in vitro model was used to study the effect of soluble products of 
these bacteria on the detachment and viability of skin cells used for the cultured grafts. 
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Bacteria 

All bacteria were clinical specimens fres iy iscleted trem burn wounds. The organisms used in 
this study were Pseudomonas aerugiaosa 1 and 2. Staphyloceccus aureus 1-4, Proteus mirabilis 1 
and 2, Escherichia colt 1 and 2, A: 


cmetobact:r spp. 13 and Enrerobacter spp. 








Tissue culture 

Keratinocytes (SVK 14) from an $SV40 transformed cel line (provided by Dr I. Leigh, London 
Hospital, Whitechapel), and fibroblasts prepared from human foreskins were regularly 
maintained in DMEM (Gibco Lid, Uxbridge, U.K. supplemented with ro% (w/v) fetal bovine 
serum (Gibco Ltd.) and 0:375% (w/v? bicarbonate buffer, The cells were incubated in a 
5% (v/v) CO, atmosphere in modular acabators “Flow Laboratories Ltd, Irvine, Scotland, 
U.K.) at 37°C. 


fois 





Preparation of freeze-dried culture fidtrares 

One colony of each isolate grown on nutrient ager (Oxoid Ltd, Basingstoke, U.K.) was 
transferred to 30 ml of 18 amino-acic medium plus vicarnins and salts, pH 74 in a 250 ml conical 
flask. These cultures were incubated at 37°C on an orbital shaker (160 r.p.m.) for 18 h. Ten 
millilitres of each culture was transferred 2o rco mi of fresh 18 amino-acid medium in a 2 | 
conical flask and incubated at 37°C and 140 r.p m. for afurther & h. Supernatants were prepared 
by centrifugation of the cultures a: 10.000 g jor 22 min. The pH of the supernatants was 
adjusted to pH 7-4 prior to filterimg 0-2 um pcre diameter, Millipore Ltd, Watford, U.K.) into 
dialysis bags. The filtrates were dialysed at <° C, three times in ro volumes of distilled water. On 
completion of dialysis the filtrates were again filterec (0-2 wm pore diameter) and freeze-dried. 
The freeze-dried preparations were stored at — 20°C. Immediately prior to assaying for their 
effect on cell detachment and cytotoxicity, the freeze-cried supernatants were resuspended in 10 
ml Hank’s medium (Gibco Ltd,) «th 12 mM Fepes buffer. 


Detachment assay 

Fibroblasts at a density of 2:0 x 10° cells mi~“ end keratinocytes at a density of 1-8 x 10° cells 
ml~' were seeded into 25-well flat bettormeé plates (Sterilin, Cel-cult, Hounslow, U.K.). These 
were incubated overnight at 37°C in an atmosphere of 3%, (v/v) CO,. The medium was 
aspirated from each well, the cell sheets washed with : ml Dulbecco A medium (Oxoid Ltd) and 
o-4 ml of each of the resuspended altretes acded te the wells. The 18 amino-acid medium, 
uninoculated, filtered, dialysed, freeze-driec anc reswspended in Hank’s medium was used as a 
control. The cells were subsequent y imcubatec at 277°C in a moist atmosphere for 5 h. The 
liquid phase (A) was aspirated from each wel and stered at 4°C. The remaining cell sheets were 
trypsinized using 0:05 %, (w/v) trypsin with o-oz%, (w/v) EDTA in Dulbecco A medium. The 
reaction was stopped by adding medium containing serum. Both suspensions were subse- 
quently centrifuged at 150 g for § min. The cels were suspended in 0-5 ml formol saline and 
stored at 4°C. Total counts of cells imeach sample were determined using a Coulter counter with 
a 100 um aperture. The percentage cell detachmer: was expressed as: A/A +B x 100. Five 
replicates for each test and control were performed. 








Cytotoxicity assay 
To determine the proportion of viat 





e cedls in each sample, a drop of the suspension was mixed 
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with an equal volume of trypan blue (0:4°%, w/v). The number of viable cells (X) excluding the 
dye, and stained dead cells (Y) in 12 microscope fields (10 x objective) were counted 
immediately. The percentage cell death was expressed as: X/X + Y x 100. Five replicates for 
each test and control were performed. 


Analysis of results 

Percentage values were arcsine transformed and a two-way analysis of variance was performed. 
A posteriori multiple comparisons of means were carried out using the 7-method.’ Following 
analysis all data was back-transformed to percentages. The Spearman rank correlation 
coefficient was calculated for both cell types to determine whether there was a correlation 


between cell death and detachment. 


RESULTS 


The results are shown in Figures 1 and 2 for the effects of bacterial culture filtrates on fibroblast 
and keratinocyte detachment and viability. Cell detachment was effected by the bacterial culture 
filtrates, and the response was dependent on the filtrate (P < 0-01). The Acinetobacter spp. 1 and 
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FIGURE 1.(a) The effect of various culture filtrates of bacteria on detachment of keratinocytes. The filtrates 
are arranged in rank order of their activity. (b) The effect of various culture filtrates of bacteria on 
detachment of fibroblasts. The filtrates are arranged in the order shown in (a). 
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FIGURE 2.(a) The effect of various culture filtrates of bacteria on death of keratinecytes. The filtrates are 
arranged in rank order of their activity. (b) The effect of serious culture filtrates of bacteria on death of 
fibroblasts. The filtrates are arranged in order shown in s.. 


2 culture filtrates were the mest potent in ceusiz g detachment of both keratinocytes and 
fibroblasts. Escherichia coli, Proteus mirabilis and Eneerobacter spp. culture filtrates had no effect 
on detachment of keratinocytes compared to the control, and these filtrates caused little CE. colt, 
P. mirabilis) or no (Enterobacter) detachment of fbrsslasts. Three of the four S. aureus culture 
filtrates caused fibroblast detachment and two S. exreus culture filtrates caused keratinocyte 
detachment. Of the 14 bacterial calture filtrates tested, seven of these caused significantly 
greater keratinocyte detachment tkan the coatrol, and 11 of the filtrates had effects on the 
fibroblasts. There was a significant difference (P <o-> Dain detachment of the two cell types from 
the plastic substratum, keratinocytes detaching mor: than fibroblasts. 

The effects of bacterial culture filtrates on cell deacs were similar to those on cell detachment, 
and this association was significant at the 95, confidence level. However, although the majority 
of cells which detached were non-wiable, a small preportion were viable, and some non-viable 
cells remained attached to the plastic. 

There was a significant effect of bacterial culture filtrates on cell death ‘P<o-o1), All the S. 
aureus isolate culture filtrates, except isolate 4, were cytotoxic te both keratinocytes and 
fibroblasts and S. aureus 1 was the most active. Esc’ richia coh, Enterebacter spp. and Proteus 
spp. culture filtrates were not cytotoxic compared wo the control for either keratinocytes or 
fibroblasts. 
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DISCUSSION 


The bacteria used in this study were isolated from burns patients and represent those most 
commonly colonizing and infecting burn lesions.® The fibroblast strain was isolated from 
normal human dermis and did not show any peculiarities in culture. Although the keratinocyte 
strain was a virus-transformed continuous-cell line, its ability to adhere to plastic showed no 
difference from normal human keratinocytes as assessed during routine culture and trypsinisa- 
tion. 

The control, dialysed bacteriological medium, had positive effects on cytotoxicity and 
detachment for both cell types. Preliminary experiments using tissue culture medium as the 
control gave no detectable effects. The micro-organisms growing in the bacteriological medium 
not only excreted products into it, but also depleted the medium of different components. This 
interaction may well explain why for example S. aureus 4 filtrate showed decreased keratinocyte 
detachment when compared with the dialysed bacteriological medium control. 

The results of this 72 vitro investigation indicate that the bacteria can be placed into two 
groups, those whose soluble products do not directly affect fibroblast and keratinocyte 
detachment and viability and those which have direct effects. The harmful effects of the 
bacterial culture filtrates may help to explain graft failure when these bacteria are present on the 
graft-bed. If the detrimental effects of the bacteria are confirmed, this may contra-indicate the 
use of cultured grafts where there is heavy and specific colonization. Such a precaution is taken 
using traditional skin grafts if f-haemolytic Streptococci are present on the wound, since it is 
known that streptolysin, produced by these bacteria, break the fibrin bonding which is 
important in initial graft-take.? The S. aureus isolate 1 culture filtrate was specific for 
keratinocyte detachment and death. It is not yet known which component(s) in this filtrate, and 
in others with cell detachment and lethal activity, are responsible for the biological activity, 
though there are many extracellular toxins produced by bacteria that might be responsible.!° 
Fader et al. showed that a 253 kDa toxin, with two subunits, was cytotoxic to foreskin cells.?! 
They concluded, with limited evidence, that the cytotoxin was an aggregation of a-haemolysin 
with d-haemolysin. Unfortunately in this study there was no information of the specific cell type 
or types used in the assays and no differentiation made between cell detachment and death. This 
is clearly important in the light of the results reported here. 

The assay used in this work and by Fader et al. was based on skin cell culture on a plastic 
substratum. In future, experiments should be directed to the analysis of filtrates of cultures of 
burns bacterial isolates using cell lines cultured on collagen. 
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SUMMARY 


We have investigated the effect on sensitization of altering the area of application of 
2,4,dinitrochlorobenzene (DNCB) at a constant dose per unit area. We showed that, when an 
area of less than 1 cm? is used, this area is critical in determining the degree of sensitization. This 
contrasts with previous work that showed, for larger areas, an alteration in the area of 
application had little effect on sensitization, whereas keeping the area constant and increasing 
the concentration of DNCB increased the degree of sensitization. We suggest that not only is the 
amount of antigen important in determining response, but also the distribution of the antigen as 
presented to the afferent limb of the immune system. 


The characteristics and physiology of delayed type hypersensitivity in man are poorly 
understood and we cannot explain why, given equal exposure to an antigen, some individuals 
develop contact hypersensitivity while others do not. We have previously shown that when 
response is measured as an increase in skinfold thickness, sensitization by the potent antigen 
2,4,dinitrochlorobenzene (D NCB) follows predictable log—dose response relationships.' Using 
this technique we have shown that the area of application, the amount of DNCB applied and the 
sex of the individual are important determinants of response.*~* In our previous work we found 
that when the area of the sensitizing dose of DNCB was kept constant, changes in the total 
amount of DNCB applied resulted in large differences in sensitization as reflected by the 
magnitude of the response to challenge 1 month later.' However, we later showed that if the 
concentration applied per unit area of skin was kept constant, changes in the area of application 
(and hence the total amount of DNCB applied) produced little change in sensitization, even 
though the efferent pathway was not saturated.* This suggested that the density of the antigen 
(perhaps on each antigen presenting cell) is also important in determining response, and not just 
the total amount of antigen applied. If this was to hold true over a wide range of areas then it 
should be possible in theory to reduce dose and area to an infinitesimal level and still obtain 
sensitization. This appeared improbable, and it seemed more likely that the degree of 
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Subjects 

Volunteers were recruited from the dermstology «:t-patient department. Individuals with a 
history of atopy, contact dermattis or inflammez:ory dermatoses were excluded. Ethical 
committee approval was obtained for this study anc all subjects gave informed consent. No 
patients were included who were receiving:any drugs er treatment known to interfere with the 
development or expression of comtact sens:tivitv. 





Experimental groups 

Two groups of subjects were studied. In the first group ‘large area) 12 male and 1 5 female 
subjects were sensitized with 30 #g ef DNC3 applies to a standard 1 cm diameter patch-test felt 
(Al-test) of area 0-8 cm? held in place on the medial side of the thigh fer 48 h. In the second group 
(small area) six male and nine femaie subjects were sensitized with 3 ug of DNCB placed ona 
modified Al-test pad of area 0-08 crm’. The total ame-ant of D NCB applied differed by a factor of 
10 between the groups as did the area of application. but the cencentration per unit area in both 
groups was the same (38 ugjcm^). One month later, sensitivity was determined by measurement 
of responses to a graded series ef challenge doses applied simultaneously: subjects were 
challenged with three doses of DNCB (8-8, ¢2-5, 17-9 ug) placed on Ab-test pads (0-8 cm”) on the 
inner aspect of the upper arm for éh. Skin‘old thickness wes:measured twice at each site with 
modified Harpenden calipers immediately before and 48 h after challenge. The responses to 
challenge were expressed as change in skinfeld thickness (final thickness minus initial thickness) 
and plotted against log-challenge dose. The results were compared using a split unit analysis of 
variance. 
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FIGURE 1. Responses to challenge with DNCB ollowing «-ssitization with a constant concentration per 
unit area of DNCB (38 ug/cm’) apo liec to either 2-8.crn? (lage area) er 0-08 cm? (small area). a, female 0-8 
cm’; A, male 0-8 cm?; @, female oof cm?; ©, raale c-08 em”. 
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RESULTS 


While there was no evidence of non-linearity in the log—dose response (F 3.7, = 0°18; P =0°9), 
there was strong evidence that the slopes were different in the four experimental groups 
(F3:36 =9°8; P<o-o01). Most of this difference in response is accounted for by the greater 
responses seen in the large area groups of either sex (Fig. 1). The slopes in both small area groups 
were small (male mean 0-13 [95° confidence limits, — 0-18, 0-45]; female 0-18 [ — 0-08, 0-43)). 
In the large area groups, there were substantial dose-responses (male 0:62 [0-39, 0-84]; female 
0-93 [0-72, 1°13]), and as we have previously found? there was evidence of a difference between 
the sexes (15, = 2:05, P < 0-05) with females showing a greater response at all challenge doses. 


DISCUSSION 


In an earlier study* we showed that when the area of application of antigen is kept constant, 
changes in concentration of antigen (and hence total dose of antigen applied) produce clear dose- 
related differences in sensitization. As more antigen is applied it is probable that a greater 
amount will penetrate and the signal to the afferent limb of the immune system will be that much 
larger. In humans it is thought that the major cell type in skin responsible for the presentation of 
antigen is the Langerhans cell (LC) and presumably an increase in antigen concentration results 
in more antigen being available for presentation by the LC. It is known in mice that there is a 
clear relationship between the amount of antigen applied to the skin and the number of antigen 
bearing dendritic cells appearing in the regional lymph node. By contrast we also found 
previously that if the dose per unit area was kept constant (either 16 or 35 ug/em?) changes in the 
area of application of DNCB to human skin within the range of 1:8-14 cm? produced little 
change in the degree of sensitization.* This suggested that with a constant dose per unit area, a 
small area of antigen will produce the same effect as a much larger area, but the effect of the 
absolute area chosen needed to be investigated. The results of this study showed that the 
influence of changes in area does vary with the absolute area and with small areas a tenfold 
change in area of application (at concentration 38 ug/cm*) from 0-08 to 0-8 cm? produced clear 
differences in sensitization. Thus, the degree of sensitization cannot be understood solely in 
terms of amount of the antigen applied, which has implications for the understanding of delayed 
hypersensitivity in, for example, routine patch testing. When small areas are sensitized 
alterations in the area of application of DNCB and hence of total DNCB applied produce clear 
differences in sensitization. When larger areas are used to sensitize, changes in area no longer 
appear to affect sensitization, suggesting that the afferent limb of the immune system is 
influenced not solely by the amount of antigen but also the distribution of antigen on its antigen 
presenting cells. 
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SUMMARY 


Recovery from epidermal herpes simplex virus (HSV) infection depends primarily on 
development of an effective cell-mediated immune response, possibly generated following 
antigen (Ag) presentation by epidermal cells (EC). The ability of EC to present HSV Ag was 
investigated in 12 subjects with occasional recrudescent facial HSV infections. All had 
circulating HSV specific antibodies and cell-mediated immunity to the virus. Peripheral blood 
mononuclear cell suspensions, depleted of antigen presenting cells (APC) by glass adherence 
and then enriched for T cells by adsorption on nylon wool columns, did not proliferate in 
response to HSV Ag. Both EC suspensions, prepared from suction blister roofs, and glass- 
adherent peripheral blood mononuclear cells (AC) preincubated with ultraviolet-inactivated 
HSV, reconstituted the T-cell proliferative response to HSV. EC were more efficient than AC at 
presenting HSV Ag to T cells. Depletion of CD1* cells from EC suspensions by cell sorting 
reduced their ability to present HSV Ag and augmentation of CD1* cell numbers supple- 
mented it. Preincubation of EC or AC with monoclonal antibodies to major histocompatibility 
complex class II antigens DP, DQ or DR, blocked the lymphoproliferative response to HSV Ag. 
Evidence was obtained that cells co-ordinately expressing products of the DP, DQ and DR loci 
are involved in presentation of HSV Ag by both EC and AC. 


Human CD4* helper T lymphocyte and delayed-type hypersensitivity (DH) T lymphocyte 
responses depend on presentation of antigen (Ag) in the context of major histocompatibility 
complex (MHC) class II Ag on the surface of antigen presenting cells (APC).! MHC class II 
molecules are products of at least three major gene loci designated DP, DQ and DR within the 
MHC on chromosome 6. 

Langerhans cells (LC) are the main APC in the skin,’ all of which bear CD1 Ag and most of 
which bear MHC class II Ags.”4 In normal skin there are few lymphocytes in the epidermis.’ 
Foreign Ag may be carried into the dermis or to draining lymph nodes by LC for presentation to 
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T lymphocytes.” However, keratinocytes and LC release cytokines, such as interferons’ and 
epidermal-cell derived thymocyte-activatirg fater, the production of which is enhanced in 





many skin diseases. These cytokines may then -ecruit lymphocytes into the epidermis where 
local Ag presentation could take place.5” 
In human recrudescent herpetic skin infection, she virusas normally confined to the epidermis 





and local immune responses consist mank of ear y infiltranon wath CD4* T cells and 
macrophages, followed by CD8* T cells. °? Work with murine experimental models suggests 
that local DH or helper T-cell and cytotoxic T-cell responses are important in limiting the 
extent of and clearing virus from skin lesiors ard alse in comtrolling local nervous system 
infection.''~'* DH- or T-helper responses may act bv recruiting and activating effector cells 
such as macrophages and cytotoxic T celis early in epidermal HSV mfection.'*-'* Natural 
immune mechanisms, such as natural killer-cell actmaty, may play a role before adaptive 
immunity is established'* and antibodies (Ab. may help prevent the spread of HSV to the 
nervous system.'°® 

Since HSV is predominantly an epidermal pathogen and recovery from herpetic infections 
depends heavily on cell-mediated immunity “GMI) it » ef interest to investigate the APC 
function of epidermal cells (EC) for HSV. Human ES neve been shown ze be able to present 
HSV Ag to the autologous peripheral blood mononuclear ceils (PEMC)!’ and T cells.'® This 
MHC class II-restricted Ag presentation’? is amy lified bv enriching EC suspensions for L.C?° 
and reduced by depleting EC of LC. Work in mice hes aso shown taat EC can present HSV 
Ag.?! We have confirmed that EC and glass-adherent PBMC (AC) can act as APC for HSV type 
1 (HSV-1) in patients with recrudescent HSV insecton, and have extended previous 
observations by investigating the role of MHC ciass H #:gs in this process by blocking Ag 
presentation with murine monoclonal Abs to DP, DQ ard D)8 Ags and by enrichment for DP* 
AC and CD1?* EC using cell sorting. 


METHODS 


Patients 

Twelve volunteers (six male, six female; age range 23-47, mear age 37 years) w0 suffered frorn 
less than one to six recrudescent facial HSV infectionsannualby were investigated at times when 
lesions were not present. They were either referred to tae Dermatology Department at the 
Royal Infirmary of Edinburgh because of HSV or were staff members. Ail patierts were in good 
general health and had circulating HSV -specific Ab measured oy enzyme-linked immunosor- 
bent assay (ELISA) and CMI to HSV indicated by ™ citro lympheprolifezation to HSV Ag.“ 


Preparation of enriched T cells and AC from blood 

PBMC were purified from fresh heparinized blood, waeshec anc resuspended ir RPMI 1640 
medium (Gibco Ltd., Paisley, U.K.) containing 15% autelogeus alagma and antibiotics (culture 
medium), as described previously.7* Two pepulations of PBMC were prepared as follows: 
PBMC were incubated on glass for 1 h at 37°C after which the nos-adherent cells were washed 
off and the AC removed using a cell scraper (Costar Corporatioa, Canroridge, MA., U.S.A.) and 
vigorous pipetting. Non-adherent cells were incubated on ryloa wee! columns for 2 hat 37°C to 
enrich for T cells, then eluted.” AC and T-enriched cells (TEC) were washed and resuspended 
in culture medium. 














Preparation of EC suspensions 
Epidermal sheets were removed from the forearm using a suction blaster deviceander a negative 
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pressure of — 150 mm Hg.** The sheets were incubated for 1 h at 37°C in 0-§% trypsin in 
phosphate-buffered saline and agitated occasionally. They were gently pipetted to disaggregate 
the cells after which autologous plasma (15°;,) was added and the EC washed, counted and 
resuspended in culture medium. 


Preparation of Ag 

A clinical isolate of HSV-1,*° plaque-purifed and passaged in vitro in Vero cells, was inactivated 
by exposure to ultraviolet (UV) B radiation for 1 h (OVHSV) under two Philips TL 6 20 w/12 
UV lamps (270-350 nm) (HSV titre before inactivation 10° plaque forming units [p.f.u.]/ml). 


Lymphoproliferation assay 

Three parallel assays were performed in vitro for each patient: (i) UVHSV (5 x 10° pfu) was 
added to 5 x 10° washed purified PBMC/ml in culture medium and Vero cells (3 x 107/ml) were 
added to a parallel control culture. The other two lymphoproliferation assays consisted of 
5 x 10°/ml TEC in culture medium to which varying numbers of the following stimulator cells 
were added; (11) EC pre-incubated with UVHSV for 90 min (20 p.f.u./cell), with parallel control 
cultures to which EC pre-incubated with Vero cells were added (5 x 107 Vero cells for every 10° 
p.f.u. HSV added to stimulator cells); (iii) AC similarly pre-incubated with UVHSV and 
appropriate AC controls pre-incubated with Vero cells. All cultures were plated as quintupli- 
cate 200 ul aliquots onto 96-well round-bottomed microtitre plates (Cel-Cult, Sterilin Ltd., 
Hounslow, U.K.), incubated for § days at 37°C in a humidified incubator with 5% CO, and then 
pulsed for 20 h with 0-75 «Ci [7H]-thymidine (Amersham, Little Chalfont, U.K.) per well. Cells 
were harvested onto glass-fibre filter-paper discs and counted for I min in toluene-based 
scintillant. Stimulation indices (SI) were calculated as: SI = (mean c.p.m. with HSV Ag)/(mean 
c.p.m. with control Ag). 


Blocking of lymphoproliferation with monoclonal antibodies 

Purified EC or AC were pre-incubated for 30 min at 4°C with varying dilutions of the following 
four monoclonal antibodies (MAb) to MHC class II Ags which had been dialysed against 
culture medium before use: pan class II (DP, DQ, DR; DA6.231), DP (B7/21), DQ (BT3/4) (all 
gifts from Dr K.Guy) or DR (L243; ATCC). The cells were washed and incubated with 
UVHSV. They were then tested in parallel lymphoproliferation assays to those already 
described. On five occasions blocking experiments were undertaken in culture medium 
containing autologous plasma, heat inactivated for 1 h at §6°C before use. On four occasions 
cells were pre-incubated with MAb Leu 7 (Becton-Dickinson, Mountain View, CA, U.S.A.) or 
Dako T8 (Dakopatts, High Wycombe, U.K.) as control Abs. 


Fluorescent flow cytometry 

PBMC, TEC and AC were stained with murine MAbs to label the following cell surface Ags: 
CD1, CD3, CD4, CD8 (Dako T6, T3, T4 or T8, respectively; Dakopatts), CD11 (OKM1; 
Ortho Diagnostic Systems Ltd., High Wycombe, U.K.), as well as the anti- MHC class II Abs 
used for blocking experiments. EC were stained for CD1, CD11 and MHC class II Ag only. 
Cells were then washed and restained with sheep anti-mouse IgG F(ab’), conjugated to FITC 
(Sigma). Cells were also stained with rabbit anti-human IgM (FITC conjugated F (ab 
fraction; Dakopatts) to estimate B-cell numbers. Stained cells were analysed on a Coulter 
EPICS ‘C flow cytometer as described before.*? 
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Enrichment for CD1* and DP* cells by ced sorting 

Cell sorting of EC stained for CD: and AC stained for DP surface Ags was performed using the 
EPICS on the basis of green fluorescence. acquired ‘nitially by gateing of the cell population ina 
two-parameter histogram, measuring the forward angie light scatter and go° light scatter (flow 
rate 2000 cells/s, laser output 150 mW at 48 nm). Serted cells were celiected into sterile culture 
medium and aliquots re-analysed on the EPICS to measure CD1* or DP* cell enrichment. 
CD1- or DP-depleted and enriched cell pepulations were tested in the lymphoproliferation 
assay as described before but 10 samples for each cell population were compared instead of five. 
In one experiment CD1-enriched cells were fixed after the method of Karnovsky,” dehydrated 
with ethanol and embedded in Araldite. Ultra-thir sections were cut, stained with uranyl 
acetate and lead citrate and examined with a Philips 4 301 electron microscope. 
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RESULTS 


Analysis of blood and epidermal ceil pepulations 

PBMC, TEC and AC from Io patients and EC from niee patients were stained for surface Ags, 
and cell subsets were measured by fluorescen: fiow cytometry, PBMC subsets were within 
normal limits for the local population (Table 1). TEC showed depletion of CD11 and MHC 
class II* cells and enrichment for CD3* and CIc4* T cells. AC were largely depleted of T cells 
and enriched for MHC class II*+ and CD117 ceils. Similar proportions ef EC stained fer pan 
MHC class II, CD1 and individual MHC class IT Ags in contrast to the AC population, where 
many fewer cells stained for DP and DO than DR. 


Glass adherence and nylon wool adsorption functwnally depizie the lymphoproiaferative response of 
PBMC to HSV-1 

PBMC were depleted of AC by glass adherence ard non-adherent cells further enriched fer T 
lymphocytes by nylon wool adsorption (TEC). The lympheproliferative response of PBMC to 
UVHSV in vitro (median SI 8-9, interquartile range 5-1-14°2) was functionally depleted by 


TABLE 1. The percentage of the PBMC, TEC and AC pepulations (1c patientsiand 
EC population (nine patients) stained wth different monocional Ab 


peer 











Monoclonal 

antibody % PBMC stained “TEC stained °, AC eraamed *,, EC stained 
Dako3 58 (6)* 72 (8) ND+t 
Dako4 45 (7) s4 (14) ND 
Dakos 24 (4) 22 (6) ND 
IgM 10 (2) 323 ND 
DA6.231 14 (3) 2 (04 § (1) 
1.243 11 (3) 2 (03) 441) 
B7/21 6 (3) 2 (1) 3 (1) 

BT 3/4 6 (2) 1 (4) 3 (1) 
Dako6 - 4 (0°5) 1 (op) 3 CEP ZLI) 
OKMI 13 (3) 2 (1) 66 (Le) r6 (1) 
2nd Ab Alone rI (0-3) pa (03? 1-§ (23 r8 (0-5) 








* Standard deviation. 
+ ND, not done. 
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TABLE 2. A typical experiment showing depletion of the lymphoproliferative 
response of PBMC to UVHSV in the TEC population and its reconstitution 
by adding EC or AC pre-incubated with UVHSV to TEC 





Antigen 


rotate Verreet era Ae LY AAAA AARAA rh Adirah dh errr pe AP TR RTBU) HY BELA rr herrea rbt ia 


Cell population Nil Con A UVHSV Vero 





PBMC (5 x 105/ml) $964 58* 39932 +1843 3229+291 626475 


SI = 67 SIl=§2 
TEC (5 x 10°/ml) 207 +37 ND 239 + 38 144 +15 
Sl=1-7 
TEC+EC (5x ro*/ml) 275424 ND 34714275 3354172 
pre-incubated SI = 10-4 
with antigen 
r TEC + AC (5 x 10*/m) 2654+25 ND 1570+ 162 2554+24 
pre-incubated SI=632 


with antigen 


* Counts per minute + standard error. 


these procedures so that TEC did not proliferate in vitro in the presence of UVHSV (median SI 
I-4, interquartile range 0-96-1-9). A typical experimental result is shown in Table 2. 


EC or AC pre-incubated with UVHSV restore lymphoproliferative responses of TEC 

The lymphoproliferative response was restored by adding EC or AC pre-incubated with 
UVHSYV to TEC as shown in Table 2. Variable numbers of EC and AC (between 3 x 10° and 
3 x 10°/ml) pre-incubated with UVHSV were added to 5 x 10°/ml TEC in eight experiments 
and incubated. The SI produced varied with the number of stimulator cells added. A typical 
experimental result is shown in Figure 1. The peak SI produced by UVHSV pre-incubated EC 
was always higher than that produced by the same number of UVHSV pre-incubated AC, 


°° 


| a 


Stimulation index 


Stimulator celis/mi, added to 5xiO* non-adherent celis per mi 


FIGURE 1. A typical experiment showing reconstitution of TEC lymphoproliferation to HSV by addition 
of EC (@) or AC (0) pre-incubated with UVHSV. 
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suggesting that EC are more efficient thar. AC at presenting HSV Ag to TEC ona per cell basis 
and per MHC class II* cell (5%, EC, 68% AC MBC class II+ ). Coatrol cultures ia which TEC 
were incubated with AC or EC alone or with EC œ AC pre-incubated with Vero cells produced 


no lymphoproliferative responses (Table 2). 





Abs to MHC class II Ags block lymp heprolrferate: 

UVHSV 

Blocking experiments were undertaken using anti-DP, ~DQ, -DR er -pan MHC class II Abs 
prior to incubation of EC or AC with UVHSV. PA6.2 31, L243, B7/21 (12 experiments) and 
BT3/4 (eight experiments) produced concentration-dependent redactions in lymphoprolifera- 
tive responses (SI) of 5 x 10°/mi TEC induced bw 5 x 10 ml EC er AC pre-incubated with 
UVHSYV, and the pooled results are shown in Tatie 3. The highest concentration of each Ab 
produced a statistically significant reduction in ~Hij-thymidine corporation in each case 
(P < 0-01, two sample t-test). Pre-incubation of APC with either Leu 7 or Dako T8 as irrelevant 
control Abs produced no blocking of APC functiex: (data not shown). 











Depletion of CD1* cells from EC by cel so-ting 

In three experiments (Table 4 EC depleved of CDx* ceils by cell sorting (5 x ro*/ml) were 
compared with the same number of undepketed EC for their ability t present UVHSV to TEC 
(5 x 10°/ml) in the lymphoproliferation assay. In each case the lymphoproliferative response 
was reduced below the background c.p.m. plus 3 SD by CDr depletion and enhanced by 
enrichment for CD1r* EC. Im experiment 1, se“ficient EC were available to count the 
approximate number of LC present in the ©D1* enriched cell fraction by electron microscopy 
on the basis of typical dendritic morpho ogy, foiced nucleus and the presence of Birbeck 


TABLE 3. Pereentage bucking by MMAbto MHC class H 
Ag of the abilicy of EC and AC to present UWHSV to TEC 
in a lympheproliferaticn essay (awi-DP, -DR and -pan 
MHC class 1] Ab r2 pacients; anr- DQ Ab eight patienzs) 


rae 








Monoclonal. antibody 





(ng/m) ÈL Su Block 
DA6.231 400 B8 gy 69 (5) 
4 39 (13> 44 (3) 
Org. 8 5) 2 (2) 
L243 25 72 (4) 74 (4) 
I 41 (5) 3% (5) 
ogi os 2(1) 
B7/21 50 79 (8) 74 (8) 
2 $8 (4) 4% (4) 
Oz 22 (4) a0 (2) 
rez ECS 4 (3) 
BT3/4 100 72 (6) úo (8) 
19 36 (3) 40 (4) 
I 8 (2) G (4) 


EETA Aan mamma ear cites Ss laabetiemininanadaaehtiniieabiaitesem mee 1 
*i h Standard error. 
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TABLE 4. The effects of depleting CD1* cells from EC by cell sorting on their ability 
to present UVHSV in a lymphoproliferation assay 





SI and mean CPM + SE* when TEC stimulated with 


reer are ani ey rrm anae LL AL NY aar AI A RAP UL er Prk ree eriari 





Whole EC CD1-depleted EC CDi-enriched EC 

Experiment SI CPM SI CPM SI CPM 

I 53 1915 +194 2-8 630 +71 I3 3721 £320 
(7%) FT (09°) (472%) 

2 64 1231 + 141 o'g 1564 I2 18-9 3972 + 337 
(3°7%) (0°4%) (§1-8%) 

3 3°8 §92 + 65 og 93 +10 233 2248 + 101 
2°7%) (0°3% (55°9%) 


* Counts per minute + standard error. 
+ () Percentage of CD1* EC measured by fluorescent flow cytometry. 


granules. This was estimated at 50°, (20 cells counted) which corresponded well with the 
concentration of CD1* cells measured by flow cytometry (47°). In experiment 3, EC were 
stained for pan MHC class If Ag (DA6.231) as well as for CD1 Ag: similar numbers of EC 
stained for MHC class II Ag as for CD1 Ag (3:3%) and MHC class II* cells were depleted (to 
093°) and enriched (to §2-6%,) in parallel with CD1* cell numbers (Table 4). 


Depletion of DP* cells from AC by cell sorting 

To test the hypothesis that the APC function of AC is concentrated in a population of cells 
expressing DP, DQ and DR Ag, the effect of depleting and enriching for DP* cells, using cell 
sorting, on the APC function of AC for HSV was investigated. In four experiments, AC 
depleted of DP* cells were compared with undepleted AC for their ability to present UVHSV to 
TEC. A typical experimental result is shown in Table 5. In each experiment the SI was 


TABLE 5. The effects of depleting DP* cells from AC on their APC function. AC were 

depleted of DP* cells by cell sorting and some were then pre-incubated with MAbs to 

MHC class H Ags. AC were then tested for their ability to present UVHSV in a 
lymphoproliferation assay 


Pre-incubated with MAb 


CRRA inaen RRR RR ae e tt ttt errr er re rarer LAr Aea eee eea raf aaa 


DP (B7/21) DQ(BT3/4) DR (L243) 





Cell population SI cp.m.+SE* °% Stain SI °% Stain SI % Stain SI 


Le Arti Larien Laren LULA Artie tent ett tet te A a A YL a e 





PBMC § 26364216 ND ND ND ND ND ND 
TEC I 123+8 ND ND ND ND ND ND 
AC 33 4399+ 160 VI 10 16 2 69 2 
DP-depleted AC 19 2519157 I 16 7 I 34 3 
DP-enriched AC 36 4585+97 5I 2 22 4 53 5 


* Counts per min + standard error. 
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markedly reduced by removal of 9P* celis and enkanced sy their enrichment; the reduction of 

[*H]-thymidine incorporation by cultares depleted of DP* AC and the enhancement in DP- 

enriched cultures was also significant in each experment (P < 0-01. two sample t-test). 
Blocking experiments were also undertaken werh the whole AC, DP-depleted and DP- 





enriched AC populations (Table +). In ad three AC populations DR+ cells predominated, 
although they were reduced in number in the DP-depleted population and increased in the DP- 
periments. Blocking witk anti-DR Ab (L243) was 


Eh 


enriched population in three of the four e 
high in all populations. Blocking with anu-DP Ab (B7;21) vared in parallel with the 
concentration of DP* AC present. The percentage of DQ* cells varied in parallel with the DP 
percentage and was highest in the DP-enriched populations. Anti-DQ Ab (BT3/q4) blocked 
proliferation in all but the DP-depleted population in ene experiment m which DQ* cells were 
also depleted to very low numbers (o 9293. 











Disc ISSION 


We have confirmed that EC and AC can act ¿s APC for UVHSV Ag, as found by previous 
authors.’ ’~7' Presentation of HSV Ag by EC toresponcme lymphocytes is of great significance 
to the generation of the immune resporse ta HSV mfeccon since HSV causes predominantly 
epidermal lesions. Lymphoproliferative responses induced by EC pre-incubated with UVHSV 
were considerably higher than those ndueec by AC on a per cell basis, as previously 
demonstrated.'’-*°:?" In addition notably fewer EC thar AC stained for MHC class II surface 
Ag (Table 1). 

The APC function of EC was concentrated ie the CD: * population which was shown to 
contain LC by electron microscopy. The reductzon ef ASC function by cepleting the CD1* 
cells to 0-9%, of the cell population agrees with previcus udies, “"~? which also found some 
residual APC activity at this level of CDı * cell nE WELT a eet methods to deplete EC 
of LC and different models of APC function. In the other two experiments APC function was 
completely abrogated by further depletion of LC. APC funcuon of EC for HSV was enhanced 
by enriching for CD1* cells as observed by other authors.*' Since double labelling was not 
performed, it was not possible to measure how many of the MHC class H+ EC were also CDi + 
but most MHC class II Ag bearing cells in mormal szin are LO.*’ anc in one experiment MHC 
class II* EC were depleted in parallel with CD1* LC. The maenbers of CD1~* cells were similar 
to those found by others,*:?° as was the degree of purification of CD:* cells av cell sorting.*! 
Approximately equal numbers of EC stained for each MHC cess IT Ag which is consistent with 
the observation that most LC stain for DP, DQ and DR Ag.” The small proportion of CDr * 
cells in PBMC was similar to that found by Dezutter-Dambuyent, Schmitt and Thivolet?? whe 
described these cells as having features suggestive of LC preewrsors. 

Sontheimer** found that alloantigen presentation by EC was blocked by anti-DR Ab added 
during the first 48 h of culture and suggested that the Ab mtertered with T-cell receptor-DR 
interaction. Other authors abolished the lymphoproliferative response to HSV Ag by treating 
macrophage-enriched PBMC and EC suspensions,'* orby treatang EC enriched for LC,”° with 
anti-DR Ab and complement. The APC function of buman EC fer HSV was shown to be MHC 
class II restricted in the same way as monocyte APC function. '*** 

It was interesting that MAbs to DP , DQ and DR blocked the APC function of beth EC and 
AC for HSV in a concentration-dependent manner. The Ab preparations were dia-ysed against 
culture medium before use to eliminate any non-specific toxicity and heat-inactivated plasma 
was used in several parallel experiments to eliminete the possibility of complement fixation; no 











Antigen presentation in recrudescent HSV 41 


blocking occurred when irrelevant control Abs (Leu 7, T8) were used. The results of the 
blocking experiments suggests that cells bearing products of all 3 MHC class II loci may be 
involved in Ag presentation of HSV by EC and AC. The results of the DP* cell-sorting 
experiments (Table 5) are consistent with this. 

DP and DQ Ag are usually found on a small proportion of AC relative to DR*°~*’ as observed 
here (Table 1). Most of the APC function of human PBMC has been ascribed to circulating 
dendritic cells rather than monocytes. The dendritic cells are Fc receptor-negative, transiently 
adherent, poorly phagocytic and negative for monocyte specific surface Ag markers. They make 
up 2-5% of transiently adherent cells?” and strongly express DP, DQ and DR surface Ag. 
Enriched circulating dendritic cell suspensions are reported to have similar APC function to EC 
suspensions for alloantigens?? but are weaker APC than EC enriched for LC both for nickel- 
and tuberculin-purified protein derivative Ag7® +8 perhaps because of lower cell surface MHC 
class II Ag expression.*? The blocking of APC function of EC or AC expressing more than one 
surface MHC class II marker (e.g. LC or circulating dendritic cells) by a MAb to one individual 
MHC class II Ag might be explained by steric hindrance interfering with the interaction 
between the sensitizing Ag or T-cell receptor and the other MHC class II Ags on the same APC. 

Our study suggests that the cells responsible for APC function in both EC and AC 
suspensions express products of all three MHC class II loci and that in EC these are LC. An 
effective local immune response to HSV infection depends on CMI mechanisms, and 
presentation of HSV Ag by LC to responder lymphocytes is probably essential for this to occur. 
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SUMMARY 


A case-control study of cutaneous malignant melanoma (CMM) was based on 523 incident cases 
and 505 age- and sex-matched controls selected from the general population. The purpose was 
to investigate the relative risk of developing CMM associated with different sun habits and 
indicators of pigmentation, such as skin type, eye colour and hair colour. Compared to people 
with black hair, blonde subjects had a relative risk of 74-4 (95% confidence interval, 45:8- 
120°8). Associations with skin type and eye colour were considerably weaker. Relative risks of 
about 1°5§-2:5§ were found for certain sun habits. The results suggest that in a population of 
Caucasian origin with a predominantly fair complexion, pigmentary status characterized by hair 


colour is a far more important aetiological factor than sun habits. 


Cutaneous malignant melanoma (CMM) has shown a rapid increase in incidence in different 
Caucasian populations during the last 40 years.'~> In Sweden, there has been a more than 
fivefold increase among both men and women during the period 1958-1984 (Fig. 1). The mean 
increase in the age-standardized incidence rate 1960-1984 was 5:1% per year for women and 
5:7% per year for men.* This is the most rapidly growing incidence of all malignancies in 
Sweden. In 1984, 587 women and 580 men with CMM were diagnosed. Since the incidence rate 
does not show any tendency to level out (Fig. 1), it is estimated that the total number of new cases 
in Sweden in 1988 will be approximately 1500. 

Age-standardized mortality rates for 1961-1984 showed a mean increase of 2-4% per year for 
women and 3:5% per year for men. The mortality rate among men more than doubled during 
this period, while the increase among women was considerably lower (Fig. 2). The observed 
increase in new cases of malignant melanoma is mainly due to an increase in CMM, since the 
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FIGURE 1. Trends in incidence rates of malignaat melanoeza of the skin 1958-1284 in Sweden by sex. Age 
standardized to the 1970 population census. 
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FIGURE 2. Trends in mortality rates ofwnalignant melanorca of the skin 1958-19384 in Sweden by sex. Age 
standardized to the 1970 population census. 





incidence of internal (ocular- and m: cosa-derived) mclanoma has remained essentially at the 
same level (1:4 cases per 100,000 populatior: per year) during the same period of time.’ 

The reason for the rapid increase ir the incidence of CMM is not clear, but altered sun habits 
have been suggested as a major causs.5- Hewever, the relation to sunlight exposure is not as 
straightforward for CMM as for actinic keratosis and squamous cell carcinoma of the skin.’ The 
mean age at diagnosis is significancly je mocular (NM) and superficial spreading 
malignant melanoma (SSM) than it ‘s for non-melasoma skin cancers and lentigo malignant 
melanoma.® This indicates that the camulative dose of ultraviclet (UW) irradiation may be less 
important in NM and SSM than in the other malgnant skin tu 


mours. Furthermore, the location 
of NM and SSM is not predominan 4y on the sites most exposed to UV-irradiation ? 
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As early as 1896, Matas?’ reported on the low incidence of CMM among American Negroes. 
The life-time risk to develop CMM in the White population in the U.S.A. is 0-7%, while the 
corresponding figure for the Black population is 0°07% .'! Black patients tend to have a different 
localization of their CMM compared to White patients, with a predisposition to develop acral 
melanomas in less pigmented skin. The same type of acral localization has been observed in 
Japanese and Chinese patients. Epidemiologic data from Israel also show different incidence 
rates among Jews of different ethnic origins, with the lowest figures among those of darker 
complexion.'? The highest incidence rates of CMM are reported from countries at lower 
latitudes with a Caucasian population. However, in Europe the incidence figures are lower in 
Italy than those reported from the Scandinavian countries where the population is fair 
complexioned.'''* These observations point to the importance of the ethnic background of the 
population for the risk of developing CMM. 

The purpose of this investigation was to study the relative risk of developing CMM associated 
with different sun habits and indicators of pigmentation (skin type, eye colour, hair colour). 


METHODS 


This case-control study originally included 525 patients referred from the Department of 
Oncology at the Karolinska Hospital in Stockholm, to the Department of Dermatology, during 
the period from February 1978 to December 1983. These cases constituted 63:8% (525/823) of 
all cases of CMM diagnosed in the population of Stockholm County during the corresponding 
period. The final examination and pathological classification of all tumours in this material, and 
for the whole County, has been carried out by Professor Bengt Lagerlöf at the Department of 
Pathology at the Karolinska Hospital (Table 1). All patients were asked to fill in a questionnaire 
while waiting for light testing at the Department of Dermatology. 

A total of 525 controls were selected as an age and sex-matched sample from a population 
register covering Stockholm County. A questionnaire with an explanatory letter was mailed to 
each control. Identical questionnaires were used for cases and controls. All subjects included in 
the study were, at the time of the investigation, residing in Stockholm County. 

The questionnaire included 10 questions related to sun habits, inquiring about the frequency 
of sunbathing, erythema following sunbathing, sunbathing vacations abroad, the use of ‘sun 
protection agents’, exposure in solariums, as well as experience of outdoor work and of living 
abroad. There were also three questions designed to characterize the pigmentary phenotype, 
inquiring about skin type according to Fitzpatrick,'* eye colour and original hair colour. 


TABLE 1. Classification of CMM in different tumour types in the county of 
Stockholm, related to those included in this study (Cases) during the 
period February 1978~December 1983 


SSM NM LMM UMM Total 





Stockholm 581 (70-6%) 121 (14:72h) 16 (19%) 105 (12°89) 823 
Cases 363 (69°4°%) 65 (12°5%) 8 15%) 87(166%) 523 


SSM, superficial spreading melanoma; NM, nodular melanoma; 
LMM, lentigo maligna melanoma; UMM, unclassified malignant mela- 
noma. 
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Relative risks were estimated using the Manrel- Haenszel procedure, and accompanied by 
95°, test-based confidence intervals based on the Mantel-Haenszel test. The data were 
stratified by age and sex. In the analysis of the associations between CMM and sun habits, the 
data were also stratified by indicators of pigmentation, i.e. skin type, eye colour and hair colour. 








The questionnaire was completed by 996%, of the-cases and 96-2% of the controls. Analyses 
were thus based on 523 cases (240 male, 283 femele) and sos controls (224 male, 281 female). 
Table 2 shows the relative risk of CMM related zo different indicators of pigmentation. The 
strongest associations were found for hair colour. Cempared to people with black hair, subjects 
with ash blonde or brown hair had a relazive risk of 26-1 (¢5§°%, confidence interval: 16°7-40°9) 
and subjects with blonde hair had a relative risk ef 74-4 (45 8-1208). The risk of developing 
CMM among people with red hair was similar te that among people with blonde hair. 

The two other indicators of pigmeatation—ev= colour and skin type—were also associated 
with the risk of developing CMM (Table 2). However, these associations were not as strong as 
for hair colour. Compared to people with brown eves, subjects with green eyes had a relative risk 
of 6-1 (3-5-10-9). Compared to people wita skin tyge IV, subjects with skin type I] and III both 
had a threefold increase in the risk of developing CMM. For subjects with skin type I the 
relative risk appeared to be somewhat lower, but thes may be due to random variatien since there 
was considerable overlapping between the confidence intervals (Tzble 2). 

When studying the associations between sun kabits and CMM, adjustment was made not 
only for age and sex but also for different indicators of pigmentatien. It turned out, however, 
that eye colour and skin type did not confound the relative risks adjusted for age, sex and hair 
colour. Hence, the relative risks associated with sun habits, that are presented in Table 3 and 
below, were adjusted for age, sex and hair colour. 








TABLE 2. The relative riss (RR? of developing CMM related to 
pigmentary staais, stratived hy sex and age 





Pigmentary status 


ER (gg§",, confidence mterval) 








Skin type 
E3 [@-6-2-9) 
i PE O-O) 
n 3° [2:1-4'4) 
pẹ 

Eye colour 
Green 61 (4°$-10°9) 


Blue, grev—bluc 
Brown, mixture (maialy brown’ 


Hair colour 
Blonde 
Red 
Ash-blonde, brown 
Black 





26 (5-9-3°5) 
iO 


744 (45°3-120-83 

69 5 (33 3-1427 

261 (367-409) 
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TABLE 3. Relative risk (RR) of developing CMM related 
to different sun habits, stratified ‘by age, sex and hair 


colour 

Sun habit RR (95% confidence interval) 

No. of smbathes April-Sept. per year 
>30 1°8 (1-2-26) 
20-30 r6 (1 1-2-4) 
<20 TO 

Erythema after sunbething 
Often, very often 1'7 (I 0-2 9) 
Seldom 16 (I 1-2 3) 
Never I0 

Sunbathing vacations abroad 
2 Once a year 24 (1 §-3°8) 
Every second year 1-3 (0-9-1°8) 
Never ‘1-9 

Employment of sun protection agents 
Often, very often 1°8 (1:227) 
Seldom l4 (0-9-2-0) 
Never ro 


A modest but statistically significant increase in the riak of developing CMM was found 
among subjects who usually sunbathe more than 20 times per year during the period April- 
September (Table 3). For subjects sunbathing more than 30 times per year, the relative risk was 
1-4 after stratification for age and sex, and 1-8 when stratification was also made for hair colour. 
A similar increase in the risk was found among subjects who tend to stay in the sun until an 
erythema develops. People going for sunbathing vacations abroad at least once a year had a 
relative risk of 2-4 (1-5-3°8). Some excess risk was also found among people using ‘sun- 
protection agents’ (Table 3). People who had lived in countries around the Mediterranean Sea 
or in countries with a subtropical or tropical climate for more than 1 year during the past 10 years 
had a relative risk of I-9 (1-0-3-6). No increase in the risk of developing CMM was associated 
with sunbathing during winter vacations at high altitudes or frequent exposures in solartums. A 
tendency to reduced risk of developing CMM was seen among outdoor workers, who had a 
relative risk of 0-6 (0-4-1-0) after adjustment for age, sex and hair colour. 


DISCUSSION 


The age distribution and the distribution of tumour types (Table 1) among the cases in this 
study were similar to that of all cases of CMM diagnosed in Stockholm County during the 
corresponding time period and that observed in most of the previously reported studies of 
CMM.'* For the validity of the present case-control study, however, the crucial question is 
whether the cases included in the study were representative of all cases of CMM occurring in the 
Stockholm population during the observation period with regard to sun habits and indicators of 
pigmentation. All patients examined at the Department of Oncology during the observation 
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period were referred to the Department of Dermatology and therefore it is not likely that the 
cases included in the present study were cifferent from theetner cases with regard to sun habits 
and pigmentation. Nevertheless, we carnot exciude the pessibility of such differences as a 
potential source of bias in the present stude. 

Skin type, hair colour and eye coioar were used in this investigation as indicators of 
pigmentary status. Of these factors, hair colour was found tobe the strongest risk indicator for 
CMM. Relative risks associated with different sxin types and eye colours were considerably 
lower. This is consistent with the findings ef previous stwdies'*-'*® but to the best of our 
knowledge relative risks of the same magnitude beve not previous. y been associated with hair 
colour. Any misclassification with regard to hair colours like y to be non-differential, i.e. of the 
same magnitude among cases and contrcls. Suck misclassification would result in a diluting 
effect which gives an underestimation o` the strength cf the asseciation, i.e. influences the 
relative risk towards unity. 

Subjects with skin type I had a somewhat lower relative risk than subjects with skin types II 
and III. This finding may be due to random wariatcn, since there was considerable overlapping 
between the confidence intervais. Furthermore. subjects with skin type I dic not expose 
themselves as much to UV -irradiation as sabcects with skin types I and III. The findings of the 
present study showed a lower risk of devesocping CMM among subjects with skin type IV than 
among subjects with other skin types, but did not provide evidence of differences between skin 
types I, II and III. 

The relationship between UV-irraciation and CMM s based mn part on studies showing 
inverse relations between geographical letitude end incicemce of CMM.'?*° Stockholm is 
situated on the eastern coast of Sweden <a°N and 18 E. Fhe mean number of sunshme hours per 
year was somewhat lower during the period 1961-1975 (1906 h) than during the period 1931- 
1960 (1973 hb), see Table 4. Thus, changes in the climate cannot explain the steep increase of 
CMM in Stockholm County and in Sweden (Fig. 1) during the past 30 years. Data on other 
environmental factors which could influence the incidence ot CMM, such as the mean thickness 
of the ozone layer over Sweden, have net been available for evaluation. 














TABLE 4. Mean number of sueshire bours ie Stockholmmé<9°N, 18°E) during 
the period 1931-1975. Data cbtwined from the Stockhcim branch of the 
Swedish Meteorolegica: aad Hydrological Instanes (SMHI 


Mean number ef sunshine hours Mean:number of 
aisinar so an ante namie an e AE eie erei ores ness Aeree sun shin e h ours 
Year Apri-~Seprember OctoBer~ March héyear 
1931-1935 i454 331 £777 
1936-1940 r413 3158 (BSI 
1941-1945 F513 fiz r925 
1946-1950 1469 433 1902 
1951—1955 1458 35 1833 
1956-1960 1427 a4 1880 
1961-1965 1340 JIR 4852 
1966-1970 r505 po E394 


1971-1975 14i4 asa 2972 
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A factor that to some extent might explain an increase in the incidence of CMM is the 
increasing mean age of the population, since the incidence of melanoma increases with age. This 
is, however, taken into account in the comparisons presented in Figures 1 and 2. 

It may be difficult to judge to what extent changes in diagnostic routines and criteria during 
the past 30 years have contributed to the apparent increase in the incidence of CMM. However, 
a large proportion of the melanomas diagnosed in Stockholm in recent years have been re- 
checked and the histopathological diagnoses confirmed in the vast majority of cases. It is more 
difficult to judge if differences in the diagnostic routines I0, 20 or 30 years ago led to an 
underdiagnosis of malignant melanoma in the past. This is, however, not likely to explain the 
increase in age-standardized mortality rates (Fig. 2). Available information suggests that there 
has been a real increase in CMM during the past 30 years. 

Changes in the climate and in diagnostic routines and criteria cannot satisfactorily explain the 
steep increase in the reported incidence of CMM. Changes in sun habits may, however, have 
contributed to this increase. The findings of the present study suggest that frequent sunbathing 
and the habit of going for sunbathing vacations abroad increases the risk of developing CMM. 
Such habits have increased considerably during the past 30 years. 

The strength of the association between sun habits and malignant melanoma may be 
underestimated if pigmentation is not taken into account. If subjects with more pigmentation 
increasingly tend to expose themselves to UV-irradiation, but have a lower risk of developing 
CMM owing to their pigmentation, confounding by pigmentation would tend to give an 
underestimation of the association between UV -irradiation and CMM. Such confounding may, 
however, be taken into account e.g. by stratification in the data analysis. In the present study, for 
example, people sunbathing more than 30 times during the summer season had a relative risk of 
1:4 when the data were stratified for age and sex only. When hair colour was also taken into 
account by stratification in the data analysis, the strength of the association increased to a 
relative risk of 1-8. 

The information on sunbathing in Table 3 and the significance of 20 or more sunbathing 
episodes per year does require some caution in view of the variation in intensity of UV-light, the 
enthusiasm of the individual and the amount of body area exposed. 

In this study, as in other epidemiological studies,*':?* a tendency to react with erythema after 
sunbathing seems to be associated with an increased risk of developing CMM; outdoor workers 
having a lower risk than indoor workers. Since the minimal erythema dose is increased in 
pigmented skin, the tendency to react with erythema is reduced. The data seem to support the 
view that a pigmentary melanin filter induced by chronic sun-exposure of the kind obtained in 
outdoor work decreases the risk of developing CMM. Erythema induced by UV-light in non- 
pigmented skin increases the risk. This leads to the apparent paradox that UV-irradiation can 
both reduce the risk of melanoma by activating the pigmentary system and induce DNA-lesions 
that might predispose to future disease. The complexity of the matter is further illustrated by a 
study indicating that ‘sunburners’, associated with a non-habitual exposure to UV-light, are 
more likely to develop irregular or atypical naevi than are habitual sunbathers exposed to 
relatively larger UV-doses.7* 

The present study does not offer any explanation for the finding that frequent users of ‘sun- 
protection agents’ seem to have a somewhat increased risk of developing CMM. One possible 
explanation could be that these agents allow individuals with poor tanning ability to spend more 
time in the sun than otherwise possible. Another possibility would be that some chemical agent 
in these products has the ability to affect the melanocyte DNA in such a way that the 
development of CMM is facilitated.2* Sun-protection agents have proven to be effective in 
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preventing non-melanoma skin cancer.?* Tae observation in this study, that this might not be 
the case for CMM, calls for further investigator. 

Results from other epidemiological studies show that the presence of a large number of naevi 
is associated with an increase in the risk of developing melanoma, especially SSM.?°?7 The 
present study, however, was based on quwestienn= re data and no examination of naevi was 
performed. 

The results of this investigation show that when erferent possible aetiologic factors related to 
CMM are compared, pigmentary status is more important than sun habits. In a white 
population of predominantly fair complex. or, this becomes most evident when pigmentary 
status is characterized by hair colour and mot by eve coleur or skin type. 
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SUMMARY 


We report our experience of the initial effects of a publicity campaign directed at early 
presentation of malignant melanoma in Leicestershire. The campaign resulted in a dramatic 
increase in workload and, at the pigmented lesion clinic, the numbers of new patients rose from 
12:3 to §4°5 per clinic. There was a large rise in the number of new melanomas presenting in 
Leicestershire: from 1-02 per week before the campaign to 1-88 per week in the immediate post- 
publicity period. This was statistically significant (P <0-001). Although there was also an 
apparently encouraging rise in the percentage of thinner ‘good prognosis’ tumours, it was not 
possible to isolate this statistically from a pre-existing trend. 


Malignant melanoma is a life-threatening cancer which is becoming more common in most 
countries, including the United Kingdom.'? Because there is no satisfactory alternative to 
excision and because prognosis is clearly related to the depth of invasion much attention has 
been focused on attempts to ensure the tumours are removed as early as possible. In Scotland it 
was found that many patients did not seek advice about melanomas for considerable periods of 
time,’ but a subsequent media and poster/leaflet publicity campaign in the West of Scotland, 
aimed at the general public encouraged an earlier presentation.* 

Seven centres in the United Kingdom (including Leicester) have also undertaken such 
publicity exercises. With funding provided by the Cancer Research Campaign, pigmented 
lesion clinics were established, and in July 1987 local publicity campaigns were commenced in 
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the areas served by the clinics. We report our immial experience ef this publicity campaign, 
together with its effects on our werkload and on tne number and prognostic categories of the 


melanomas seen in Leicestershire. 





METHOGS 


On 1 November 1986 a separate weekly ‘pigmented lesion’ clinic (PLC) was established in the 
dermatology department at The Leicester Royal Ieñrmary. All general practitioners in the area 
of the Leicestershire Family Practitioner Committee were informed of the clinic by post. They 
were told that its purpose was tc examine (end treat where necessary }lesions suspected of being 
malignant melanoma and that referral to the clinic was by open access after initial consultation 
with the family doctor. They were asked to tell their patients to attendthe next clinic and to send 
a letter of referral. 

Patients were seen on a first-come, first-served basis, anc were given a letter explaining that 
the clinic was screening for skin cancer. Details about their histcry and examination were 
recorded on special forms provided by the Camcer Research Campaign (CRC), but we also 
maintained separate hospital records. An ac ditional biopsy session wes also established to deal 
with biopsies specifically generated by the PLC. 

The details of all melanomas rermoved and sent for histology in Leicestershire have been 
recorded on the central computer ir the desartment of histopethology at the Leicester Royal 
Infirmary, regardless of where they were first seen orexcised. One of us (AF) initially examined 
all these records and tabulated the cutaneous melanomas from 1 January 1982 to 31 October 
1986 (when the PLC was established). The Breslow thickness? of all the tumours has been 
checked and all melanomas have been placed in one of three depth tands used previously to 
relate to good, moderate and poor prognosis: < 1-49 mum; 1-5-3-49 mm. > 3:5 mm respectively. 
All subsequent primary cutaneous malignan: melanomas removed in Leicestershire have been 
examined and recorded in the sarne way. 

In addition to the above records 18 general practitieners in Leicestershire agreed to record all 
new patients presenting to them with pigmented lesiows:for a 13-week period covering the time 
before and after the planned publicity campzign. 

In early July 1987 a public education canpaign was conducted ia Leicestershire which 
contained two main components. 





Leaflets and posters 
A set of posters and leaflets drawing attentior. te the need for vigilance-and early treatment in 
malignant melanoma was produced by the CRC. These were distributec by the Department of 
Health Education at the Leicestershire Health Authority anc placed m public places such as 
general practice waiting rooms, pharmacies amd public libraries. 

In the leaflets patients were encouraged to examine themselves, their partners and relatives, 
and to become ‘molewatchers’ for life. The leadets alse contained a detailed seven-point check- 
list of features which might signify malignant change. 





Newspapers, radio and television 

A press release was sent out by the CRC to the ocal media of Leicestershore. This included the 
daily newspaper and the local weeklies as well as two local radio statioms and local television. 
News of the campaign appeared in the local newspaper and short interviews with one of as were 
shown on television in which the main message of the need for early diagnosis and treatment was 
stressed. 
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Because the PLC was started in November 1986 and the publicity campaign occurred in early 
July 1987, the time periods under observation were not all of the same length, but adjustments 
were made for this in the statistical analyses. 


RESULTS 


The publicity in July 1987 had significant effects both on workload and on the number of 
melanomas seen. 


Workload 

We have been able to analyse the results of the exercise on the workload of both our PLC and of 
the 18 local family doctors. Other clinicians have also told us that they noticed an increase in the 
number of pigmented lesions seen, but there are no quantitative data available. 

The workload of the general practitioners taking part in the assessment exercise is shown in 
Figure 1. Before the publicity in July 1987 the 18 Leicestershire general practitioners saw an 
average of 0-6 patients per day presenting with pigmented lesions. In the post-publicity period 
this had risen to 1-4 lesions per day. This increase is statistically significant (Mann-Whitney U- 
test P= 0-028). 

The patient attendance in the first year of the PLC at The Leicester Royal Infirmary is shown 
in Figure 2. It can be seen that there was a dramatic increase in patient numbers immediately 
after the publicity, peaking in the first 2 weeks at over 90 new patients in each clinic. During the 
first 34 weeks of the clinic’s operation, between 1 November 1986 and the publicity campaign, 


Number of patients per week 


I 2 345 6 7 8 93 10 tt l2 13 
18 Publicity 4 
May Campaign August 


FIGURE 1. Numbers of new patients with pigmented lesions presenting to 18 Leicestershire general 
practitioners in the week beginning 18 May 1987 until the week beginning 14 August 1987. The week of 
publicity is marked with an arrow. 
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FIGURE 2. Numbers of new patients presemiing each week w the PLOin Leicester frorn 1 November 1986 
to 31 October 1987. The week of publicity is marked with an arrow. 


we saw an average of 12-3 patients per canic. In the ‘ollswing 17 weeks to the end of the first 
year, the average number of patients per cinic was §4°3. In total, r344 new gatients were seen in 
the first year of the PLC in addition to tae reutme work of the department. The numbers of 
patients seen in other dermatology clinics did not alter ower this time as compared to the same 
12-month period in 1985/6. 

The PLC also generated an extra load on biopsy facilites. In the post-publicity period the 
number of biopsies in the separate weekly mimor eperatiens list, set ap as part of the 
preparations for the publicity exercise, was an average of ©-& per week. 


Numbers of melanomas 

The numbers of melanomas seen in the PLC also inczegsed. We saw 15 an the first 34 weeks (0-44 
per session), but 21 (1:24 per session) in the 17 weeks foEow:ng publiciey. Tke number of new 
patients seen in the PLC for every melanoma diagnosed rose from 28 :n the pre-publicity peried 
to 46 afterwards. 

Of more importance than the experience in the PLC alene, however, are the figures for 
Leicestershire as a whole. Table 1 shows the total numbers of primary cutaneous melanomas 
recorded in Leicestershire during the relevant periods. Thess figures show a clear rise in the 
numbers of newly diagnosed melanomas in the pos?-pualicty period. In the pre-publicity 








of 


period of 34 weeks, we recorded 35 primary cutangzous melamemes (1:02 per week). In the 17 
weeks immediately afterwards, we recorded 32 (1°38 per week). Statistical analysis was 
undertaken using an extension of the Poisson heterageneity test (which takes into account the 





unequal time period lengths). The analysis was performzd with the Guim Package.” applying the 
x? test. This demonstrated that the rise in numbers was significantly associated with the 
publicity in July 1987 (P <o0-oor). 
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TABLE 1. Numbers of melanomas seen in Leicestershire 





1983-88 
Length 
Period (weeks)  Melanomas 
1983 52 43 
1984 §2 24 
1985 52 4I 
1 January to 31 October 1986* 44 4! 
1 November to 16 July 19877 34 35 
11 July 1987 to 31 October 1987ł 17 32 
1 November 1987 to 30 April 1988$ 26 35 





* 1986 before PLC established. 

+ 1986/7 PLC established, before public campaign. 

¢ 1987 post-publicity to end of first 12 months of PLC. 
§1987/8 following 6 months. 


TABLE 2. Prognostic thickness groups of melanomas seen in Leicestershire 1983-88 
(figures are numbers with percentages in parentheses) 

















Period o-1-49 mm L 5-340 mm >35 mm 
1983 13 (30) 22 (51) 8 (19) 
1984 11 (42) 6 (25) 8 (33) 
1985 19 (54) 10 (29) 6 (17) 

1 January 1986 to 31 October 1986* 25 (61) 9 (22) 2419) 

1 November 1986 to ro July 1987* 21 (60) s (14) 9 (26) 
11 July 1987 to 31 October 1987* 25 (78) 6 (19) 1 (3) 

1 November 1987 to 30 April 1988* 22 (63) 7 (20) 6 (17) 





*See Table 1 for relationship of time period to publicity. 


The Breslow thickness of these tumours was determined to see whether there was any change 
associated with the publicity. Table 2 shows the prognostic groups into which the melanomas 
were placed. It can be seen that there has been a shift in the percentages of melanomas towards 
those lesions with a better prognosis from 1983 onwards. Immediately after the publicity, and 
up to the end of the first year of our PLC, there was a further increase in the percentage of good 
prognosis tumours, reaching 78%, with a fall in the numbers of melanomas in the worst 
prognostic group to 3%. In the following 6 months this trend returned towards the pre- 
publicity levels. However, these changes did not reach statistical significance. The numbers of 
melanomas in each category and in each time period were analysed using log-linear models, also 
fitted in the GLIM package. The time from 1983 was used as a covariate in order to adjust for the 
underlying trend of improvement in prognosis. Such a trend was identified and, once removed, 
the July 1987 publicity was not significantly related to prognosis. 
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DISEUSEDOL 


In the U.K., it appears that a rapid referral service alone is act enough; the establishment of a 
PLC in Southampton without a public edueaticn ca paign had no effect on presenting 
melanomas.” The Glasgow group found taat £4% of ther melanoma cases in Scotland had 
delayed by more than 3 months before consulting teir family doctor.? They concluded that a 
public education exercise was necessary anc their imitia’ results showed a rise in the number of 
newly diagnosed melanomas together with a signiScare rise in the proportion of thin, ‘good 
prognosis’ tumours.* 

We have found a significant increase in the nurmber of nelenomas seen in the period after the 
publicity campaign. The increase of jast under 100 w m tae first 17 weeks was even greater than 
that in the West of Scotland and our rate of one melaromm~ for every 46 mew patients seen at the 
clinic is in keeping with that reported from Giasgew.* We alse found a rise in the proportion of 
thin, ‘good prognosis’ lesions, but this was largely dze t an absolute rise in the numbers of 
‘good prognosis’ tumours presenting in the post-pubicity period. It wall be interesting to see 
whether overall numbers of melanomas, particulariy inthe thicker ‘poorprognostic’ categories, 
drop in succeeding years as a result of earlier dmgacsis and¢reatment of thin lesions. The rise in 
thinner tumours was not significant as we already had am established trend towards thinner 
lesions, which may have been due to the Previous peblicity from Glasgow and the general 
increase in media coverage. The eventual recurn to pre-publicity lewels suggests that the 
publicity campaign did have an effect. 

The workload rose dramatically as a result of the campaiga. Even with the extra support from 
the CRC, additional help and goodwill was required from the dermztology department. 
Clinicians in other departments were also aware of an increase ia their m.elanoma-associated 
work. We also became aware of the need for better counseling facilities, since many patients 
were alarmed by the campaign and were shocked by the diagnosis of melanoma. 

The CRC-funded unit nearest to us in Nottingham reported no significant increase in the 
proportion of thinner lesions in the previous year, and orty s small increase in the numbers of 
melanomas seen.’ We are unable to explain this difference. 

The experience of the Glasgow group and that of ourselves suggest that cublic education of 
this kind is effective, although we will have to wait 20 see wzat effect, if any, there has been on 5- 
year survival rates. We emphasize that intensive loca’ Pwolicity campaigns as described here 
should only be undertaken if there is a well-ergenized structure to cope with the increased 
workload which will inevitably be generated. 
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SUMMARY 


The monoclonal antibody MAC 387 recognizes an antigen expressed by human macrophages 
and granulocytes. Normal epidermis does not react with the antibody, but the inflamed 
epidermis may react. In this immunocytochemical study we have investigated the intracytoplas- 
mic expression of the MAC 387 antigen in biopsies of a variety of skin disorders. In lichen 
planus the basal cells were usually negative, whilst suprabasal cells were positive. In the 
majority of other inflammatory dermatoses studied, there was positive staining of basal and 
suprabasal cells. A parallel frozen- and paraffin-section study of biopsies of cutaneous T-cell 
lymphomas and inflammatory conditions failed to demonstrate HLA Class II expression in the 
cytoplasm of keratinocytes. Expression of the MAC 387 antigen in the epidermis is directly 
associated with cell-mediated activity in the papillary dermis, but is not related to HLA Class IT 
expression. 


The monoclonal antibody (MAb) MAC 387 has been developed as a sensitive marker of 
macrophages and granulocytes in paraffin sections of formalin-fixed human tissues.'? 
However, in biopsies of inflammatory skin disease, epidermal keratinocytes may also be 
labelled. In this study we have sought to characterize the extent of epidermal staining that may 
be expected. MHC molecules are induced in epidermal cells in similar circumstances, and we 
have also looked at MHC antigen expression in these biopsies. 


METHODS 


Biopsy material 
An immunohistochemical study was performed on 35 routine formalin-fixed biopsy specimens 


Correspondence: Dr N.Kirkham, Department of Pathology, Royal Sussex County Hospital, Brighton BN2 sBE, 
U.K. 
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TABLE 1. Results of irmrgunexytochemical staining with 

MA 387 in parafin sections of various skin diseases 

Epidermal Dermal 

pattern Score 
Diagnosis Tetali o 1% 2 O II 2 
Lupus erythematesus a 1 I 3 IE 2 2 
Psoriasis x o Oo f 0O 3 2 
Lichen planus e I 4 2 0 I 4 
Eczema ë © Il 4 O ÈE 4 
Bullous pemphigc:d ë © = Z% 0O a 4 
Erythema multiforme Z o © a © Oo 2 
Sarcoidosis 3 3 Oo ë O 4 Ọ 
Granuloma sanulare £ a. 73: 6 “G- a 33 


from different inflammatory skin Giseases “Tatie r. Paraffin blocks were obtained from the files 
of one pathology department and were all less har 3 years old. All histopathological diagnoses 
were confirmed by discussion wita the two dermatologists who submitted the biopsies. 

A further series of biopsies of various inflanarmatery skin conditioms were chosen to investigate 
HLA Class II expression, using the monoracrphec reagent WR18.° Paraffin blocks from 18 
biopsies were used together with fresh frozen biensies from a further series of patients with 
either cutaneous lymphoma or inflammatery sain disease. 


Immunoenzyme staining 

Paraffin sections were cut at 4 um, dewaxed and treated with o-§°%, H20, in methanol at room 
temperature for 30 min to abolish endogenous peroxidase activity. The primary antibody 
(Table 2) was incubated on the sections for 5c mia at current dilution at room temperature, 
followed by 30-min incubations in »ercxidase-conjagated rabbit anti-mouse immunoglobulins 
(Dako Ltd, High Wycombe, U.K- yat a dihaicnof »: 50, and peroxidase-conjugated swine anti- 
rabbit immunoglobulins (Dako Ltd), at a diluticn o1 : 300. Between cach incubation there were 
three 10-min washes in Tris-buftezed saline pE 7-¢. Demenstration of peroxidase-active sites 
was achieved using diaminobenzidine substrate amd nuclear detail by haematoxylin counter- 
staining. 


TABLE 2. Antibodies used*> 











Antibody Specificity Sections Dadution Reference 
MAC 387 Paraffin 123000 1,2 
WR 18 as Parathn;F 1:40 3 

Tu 22 DQ” Frozen 115 4 
HLA/DR DE Frozen 1:40 (Dako) 
B7/21 DP” Frozea 1:25 5 
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Fresh tissue specimens were stored in liquid nitrogen and 10-um sections were later cut using 
the slowest speed of the motor drive of a Leitz Kryostat 1720. The sections were fixed in dry 
acetone and stained using an indirect immunoperoxidase method. The primary antibody (Table 
2) was incubated on the sections for 30 min, followed by three 2-min washes of Tris-buffered 
saline, a 30-min incubation with horseradish peroxidase-conjugated rabbit anti-mouse 
immunoglobulins at a dilution of 1:50 (Dako Ltd) and three further 2-min washes with Tris- 
buffered saline. The colour reaction was developed with diaminobenzidine. Harris’ haematoxy- 
lin was used as a nuclear counterstain and differentiated in 1°% acid alcohol. 

All sections were then blued, dehydrated, cleared and mounted in DPX. Serial sections were 
stained with haematoxylin and eosin to provide morphological controls, and were processed 
through the immunoperoxidase method without primary antibody to provide negative 
immunohistochemical controls. 


Evaluation of staining 
Epidermal staining in paraffin section was classified into one of three patterns. Pattern o 


represented negative staining, pattern 1 showed positive intracytoplasmic acanthocyte staining 
and negative basal cells, whilst pattern 2 showed positive intracytoplasmic staining of both 
acanthocytes and basal cells. Dermal staining was graded from o (no positive cells) to 2 (many 
positive cells). In frozen sections the presence or absence of intracellular and intercellular 


staining in the epidermis was noted. 


RESULTS 


Paraffin sections 
Normal skin. No MAC 387 staining was seen in the epidermis of any of the specimens of 


norma! skin examined. 
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FIGURE 1. MAC 387. Pattern 1: positive intracytoplasmic keratinocyte staining with negative basal cells in 
a biopsy of lichen planus. 
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Diseased skin. Many of the biopsies showed cyteplasmic staining cf epidermal cells (Figs 1-6). 
The results are summarized in Table 3. Dermée! staining was confined to the cytoplasm of 
macrophages, Langerhans cells, granulocytes, and venulkar endothelial cells. Control sections 
incubated without primary antiserum were negative. 


Lupus erythematosus. The epidermis was pesitively stained in fear of the five biopsies and 
showed progressively stronger reactivity from the basal layer upwards. Acrosyringeal cells were 


negative. The hair follicle infundibulum was pos:tive, but deeper structures in hair follicles 
were negative. 





FIGURE 2. MAC 387. Pattern 2: Positive intracytoplasmic staining of basa! cells and keratinocytes in a 
biopsy of psoriasis. 
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FIGURE 3. MAC 387. Pattern 2 with negative acresyringmm. 
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FIGURE 4. MAC 387. Pattern 2, showing positive epidermis and hair follicle infundibula with the negative 
Staining of pilosebaceus units. 
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FIGURE §. MAC 387. Biopsy of lichen planus showing sharp demarcation of positively staining lesional 
epidermis from surrounding negatively staining uninvolved epidermis. 


Psoriasis. Epidermal cells were positive in all the biopsies and the reactivity was at about the 
same intensity throughout the epidermis including the basal cells. The acrosyringium was 
negative as were the sebaceous glands and subinfundibular hair follicle epithelium. 


Lichen planus. Epidermal cells were positively stained within the lesions but not in the 
surrounding uninvolved areas. Basal cells in the epidermis showed weak or negative staining. 
Subinfundibular hair follicles were negative. The acrosyringium was not identified in the 
sections examined. 
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FIGURE 6. MAC 387. Positive staining of acamhocyte: at the edge of a blister in a biopsy of bullous 
pemphigoid. 


TABLE 3. Intraepidermal dendritic cel! and intercellular 
staining in frozen sections of biopsies of cutaneous T-cell 
lymphoma and inflammatory dermateses 


nee 
Lympaoma Inflammatory 








Antibody Negatie Positive Negatrve  Posit-ve 











WR 18 O 13 O g 
Tu 22 10 3 7 I 
HLA-DR 12 i 8 © 
B7/21 5 € 5 I 


$e 


Eczema. There was marked variation in the cegree ef staining in different biopsies which 
appeared to correspond to activity of the eczema. The basal cells were positive. Acrosyringial 
and subinfundibular hair follicles cells were negatives 


Bullous pemphigoid. Positive staining was present imal! of the biopsies, with less staining of the 
basal cells. The staining was mostly restricted to the epidermis at the edges of the blisters. 
Acrosyringial and subinfundibular hair follicle cells were negative. Cells in the central parts of 
sebaceous glands were positively stained. 


Erythema multiforme. Positive Staining was present in all of the biopsies, with less marked 
staining of the basal cells. Acrosyringial and subinfundibular hair follicle cells were negative. 
Cells in the central parts of sebaceous glands were Pesitive. 
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Sarcoidosis. The epidermis was negative with the exception of cells in the acrosyringium and 
in hair follicles, and in sebaceous glands which showed weak, patchy positive staining. 


Granuloma annulare. Three biopsies showed a patchy positive staining of the epidermal cells 
and two were negative. 


MHC Class IT: fixed tissue. 

The additional 18 biopsies of a variety of inflammatory skin disorders that were stained with the 
monomorphic MHC Class II reagent WR18 all failed to show any epidermal staining, whilst 
parallel sections stained with MAC 387 were either strongly (15) or patchily (3) positive. Small 
numbers of lymphoid cells within the dermal infiltrates were stained by WR18. 


MHC Class II: frozen sections 

The results of staining for MHC class II antigens on frozen section are summarized in Table 3. 
None of these markers showed intracytoplasmic staining of keratinocytes. Positive reactions 
within the epidermis were restricted to dendritic cells and focal intercellular staining, probably 
representing staining of dendritic cell processes. 


DISCUSSION 


The monoclonal antibody MAC 387 is a sensitive marker of macrophages and granulocytes in 
routine paraffin sections. °? In certain circumstances however, staining of epidermal cells is also 
seen in skin biopsies, a feature shared with the polyclonal precursor of MAC 387, the antibody 
S22. The Lı antigen is a highly immunogenic molecule which is biochemically distinct from 
HLA Class II molecules, but which is induced in similar circumstances.°-!° The Lr antigen has 
three chains and it is likely that MAC 387 recognizes at least two of these. 

Detailed immunocytochemical analysis employing sensitive double staining techniques 
strongly suggests that MAC 387 and Lı are present in identical cell populations.* Biochemical 
analysis of the Lr reactive material induced in keratinocytes showed that it was almost identical 
to that extracted from normal leucocytes, and a reaction of complete identity was obtained when 
both epithelial and granulocyte L1 were reacted against anti-L1 antisera by double immunodif- 
fusion. These results are in accord with the findings of Gabrielson ez a/. with rabbit antibody to 
Lr. 

MAC 387 expression in the epidermis is associated with lymphohistiocytic infiltration of the 
dermis, as we found in the wide range of inflammatory disorders studied, and the MAC 387 
positive cells in the infiltrate corresponded to increasing degrees of staining in the epidermis. 
The demonstration that the MAC 387 antigen is induced in human epidermis in pathological 
states which parallel those which induce Lr is further evidence for immunological identity 
between the Li antigen and the antigen recognized by MAC 387. 

In the majority of biopsies with epidermal positivity, the acrosyringium and pilosebaceous 
units were negative, whereas it is known that these structures normally express MHC Class II 
antigen.'! In sarcoidosis where histiocytic granulomas are present in the reticular dermis, but 
where the papillary dermis and epidermis are uninvolved, the only positivity was found in 
pilosebaceous units and sweat glands. This again suggests that positive staining in the epidermis 
is directly associated with cell-mediated activity in the underlying papillary dermis. 

MHC molecules are induced in human leucocyte populations following activation and are 
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also present in a variety of epithelia invol~ed in indem matory and neoplastic processes.!!~!? The 
application of WR18 in 18 fixed-tissue tiopsies of inflammatory skin disorders shows that the 
conditions under which MAC 329 antigen is indweed in inflammetory epithelia do not parallel 
those required for the induction of MHC Class il. This is confirmed by our data for the 
interaction of monoclonal antibodies to AHC Ci #8 H skin biopsies of frozen sections. Serial 
frozen sections to those studied in parafan failee to demonstrate intracytoplasmic staining of 
MHC Class II antigens in epithelial cels with 2 range of monomorphic reagents directed to 
MHC ssublocus products. Dendritic Langerhens cells were clearly demonstrated with 
associated intercellular staining. These fradings emphasize that the intracytoplasmic expression 
of the MAC 387 antigen seen ir paraffin sections is a parallel but different process to the 
expression of HLA Class II antigens witain the epidermis. 

The differential distribution of MAC 28° st wag in different kinds of inflammatory skin 
disease should provide a basis for furthe- vork inte rhe interactions between lymphoid cells and 
keratinocytes in inflammation and lymphematous skin disease, 















ADDEY DUM IE PROOF 


The Lı antigen is the same as the calcium winding =rateins, the calgranulins A and B which are 
co-expressed during keratinocyte damage.'® 
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SUMMARY 


The hypothesis that sebum permits the growth of Pityrosporum ovale, and hence the 
development of seborrhoeic dermatitis, was tested by observing whether a reduction of sebum 
production by isotretinoin would improve the disorder. In 10 male patients with seborrhoeic 
dermatitis, treatment with isotretinoin for 6 weeks reduced the mean sebum excretion rate by 
70% and improved the severity of the rash, but with a site difference in magnitude of response. 
It is concluded thatthe residual pool of sebum is important for the growth of P. ovale and that, 
within the physiological range, sebum has a permissive effect on the growth of this yeast. 
Variation in the pools of residual sebum explains a number of features of the disease such as site 
of involvement and greater prevalence in males than females. The pathological increase in the 
residual pool of sebum due to immobility explains the frequent occurrence of seborrhoeic 
dermatitis in patients with a variety of neurological disorders. 


Recent studies have established the pityrosporal aetiology of seborrhoeic dermatitis. and 
dandruff, its minor manifestation, and the condition responds rapidly to appropriate anti-yeast 
therapy.1-? Although Pityrosporum ovale, the causative yeast, is present in increased numbers in 
seborrhoeic dermatitis, the organism may also be found on the scalp of apparently normal 
subjects.* The factors influencing susceptibility to colonization by this yeast are therefore of 
interest.! The role of sebum was rejected by Kligman and Leyden? because of preliminary 
studies of scalp lipid, and by Burton and Pye®° because the rate of sebum excretion is not 
increased in patients with seborrhoeic dermatitis. We found this unconvincing, since P. ovale is 
lipophilic and the disease occurs in areas of skin with the highest density of sebaceous glands, 
but not before they achieve adult activity. If sebum is important for growth of the organism 
which causes seborrhocic dermatitis, reduction of sebum output should ameliorate the disease. 
To test this we used isotretinoin, a drug which greatly reduces sebum production. 


Correspondence: Dr P.M. Farr. 
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METHODS 





Ten male patients aged 21-58 years (median 36 years) were studied. All had the typical red, 
scaling and crusting rash of seborrhoex dermazitis affecting priazpally the paranasal, eyebrow 
or moustache areas. In additien to the facial rash, which was a requirement for entry into the 
trial, all patients were also found te have scalp mvolvement, and six had lesions of seborrhoeic 
dermatitis on the chest or back. Apart from ren-medicated shamapoo, which was used twice 
weekly, all topical treatment was stepped for at «ast 2 weeks befcre entry into the trial. Only one 
patient took any oral medication which was phenytoin for his epilepsy. 

Isotretinoin (1 mg/kg) was gwen daily for 6 weeks. The patiea’s were examined by the same 
two clinicians at the start of thetria., and at 2-weck intervals for 10 weeks. At each examination 
forehead sebum excretion rate SER” was measured gravimetrically, and a clinical assessment 
made of the severity of seborrheeic dermatitis involving the face, sealp, chest and back (o none; 1 
mild; 2 moderate; 3 severe). In addition. cach swrject made weekly assessments cf the severity of 
rash on the face, and the degree of scalp scaimig, using 100 mm visual analegue scales, the 
extremes of the scales being ‘none’ anc ‘severe’ 

The paired t-test was used to analyse the sigme fcance cf change m sebum exeretion rate. All 
other tests of significance were performed using the Wilcoxon sign rank test. 











RESULTS 


Sebum excretion rate 

All patients completed the study. There was a @rogressiwe decreese in SER during treatment 
with isotretinoin (Fig. 1), the mean SER (SE) being redumed from 1-21 (0.15) pg/cm? per min 
pretreatment to 0°36 (0-05) g/cm? per min after 6 weeks {P < OXI). 
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FIGURE 1. The change in mean (SE) sebum excreoon rate during treatrment with isotretinoin. 
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Clinical response | 

Unwanted effects. As expected, all patients developed cheilitis. Seven patients developed 
diffuse erythema and scaling of the face and seven developed an irritable, inflammatory, scaling 
rash on the hands, arms or shoulders. 


Response of seborrhoeic dermatitis. Analysis of the clinical gradings made 2 and 4 weeks after 
stopping treatment, when the skin changes induced by isotretinoin had resolved, showed a small 
but significant improvement in severity of the facial rash compared with the pretreatment values 
(P < 0:05), but only two patients were judged to be completely clear of the rash (clinical grade o) 
(Fig. 2). The patients recorded a significant improvement in the severity of facial rash assessed 
using the visual analogue scales: median pretreatment score 57 mm; median score 2 weeks after 
stopping isotretinoin 10 mm (P < 0-05). There was a decrease in the severity of scalp scaling 
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FIGURE 2. Clinical grading of severity of seborrhoeic dermatitis affecting the face, scalp and chest or back. Points are 
group medians and the vertical lines represent the range of values. 
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FIGURE 3. Change in severity of scalp seborrboeic dermatitis assessed hy the patients using visual analoguesscales. Points 
are group medians and the vertical lines represent the interquac~fe range. 


assessed clinically (Fig. 2) but this change was not sigruficant and no matient’s scalp was cleared 
of seborrhoeic dermatitis during treatment. However, the patients’ own assessment, using 
visual analogue scales, showed a significant impresement after the 6 weeks treatment with 
isotretinoin (P <o-o1) (Fig. 3). Six of the patients sad annular, scaling lesions of seborrhoeic 
dermatitis on the chest or back, or an inflammatory “ollsculitis on the shoulders and back. The 
severity of rash at these sites, assessed clinically, amproved significantly (P<o-o1) during 
treatment with isotretinoin, the rash clearing completely in four (Fig. 2). 


DISCUSSIOS 


We have shown that during administration of metreincim to patients with seborrhoeic 
dermatitis, the rate of sebum excretion decreased amc the rash improved. A reduction in SER 
occurred in all patients, and the mean reduction of 7€", is sinailar to that found previeusly with 
the same dose of isotretinoin, as is the continued deer case over the 6 weeks of administration.® 
The therapeutic response was assessed only by a simede scoring method but both a response and 
a site variation were seen. The grestest response Occurred om the chest and back and the least 
occurred on the scalp, where the clir ¿cally assessed cuange wes-not significant although, using a 
visual analogue scale, the patients’ own assessment saca ed a significant improvement (F ig. 3). 
Although our study was not placeto-controlled. the site variation does not suggest a 
spontaneous or placebo response. We therefore conc*nde-that in provement in the seborrhoeic 
dermatitis was due to the isotretinoin. 

The rash which isotretinoin produces in its own sght, and which eccurred in our patients, 
may to some extent have disguised an impreversent. Fer this reason we made clinical 




















assessments 2 weeks after stopping the drug, when pe epidermal effects had regressed but the 
decrease in sebum excretion was sti!) apparent. The eduction in SER was progressive during 


the period of drug administration and anteceded iMpweevernent in the seborrhoeic dermatitis, as 
would be expected if the reduction in SER was the promary action of isotretinoin on this disease. 
To confirm this interpretation it will be necessary to ©acw that other drags which inhibit sebum 








Sebum in seborrhoetc dermatitis 75 


production but do not have the other effects of isotretinoin, such as cyproterone acetate,” will 
similarly improve seborrhoeic dermatitis. 

Because the maximum reduction in SER was only reached towards the end of the study, we 
cannot exclude the possibility that a longer period of administration of isotretinoin would have 
completely controlled the rash. Alternatively, the absence of a complete response as well as the 
site variation (see below) could be explained if the in vivo requirement of P. ovale for sebum is 
low. It would follow that the growth regulatory role of sebum for P. ovale is permissive within 
the physiological range, substrate dependence only becoming apparent when the changes are 
gross. This would reconcile our observation that seborrhoeic dermatitis is improved when SER 
is greatly decreased, with the observation of Burton and Pye® that patients with seborrhoeic 
dermatitis do not have an increased SER, and that variations in SER within the physiological 
range do not correlate with the severity of the condition. Furthermore, even if differences within 
the physiological range were not important within one sex this would not preclude an effect of 
physiological differences between the sexes. Thus, the difference in surface sebum between the 
sexes® could explain the greater prevalence of seborrhoeic dermatitis in men than women.'° 
However, our study merely establishes the role of sebum and was not designed to test the effect 
of changes in sebum excretion within the physiological range, which we now believe should be 
reinvestigated. 

Our conclusion as to the role of sebum also provides a novel and unifying explanation of the 
observation that seborrhoeic dermatitis is particularly common in patients with unrelated 
neurological disorders such as Parkinsonism,'! cranial nerve palsy,'* and major truncal 
paralyses.'*> We propose that a variety of neurological disturbances will provoke seborrhoeic 
dermatitis, and that this occurs because there is a pathological increase in surface sebum in these 
situations.'!*:!° The apparent increase in SER in patients with various neurological disorders 
was first observed in Parkinsonism ‘* where it was attributed to a neuroendocrine stimulation of 
sebum production. !© There is no evidence of a neural control of sebaceous function,'’ and it was 
shown long ago that the techniques used to measure SER merely sample a large preformed pool 
of sebum in the stratum corneum.'* It now seems likely that, as originally suggested in facial 
palsy,!? an increased pooling of sebum due to immobility, and not an increase in sebum 
production, explains the apparent increase in SER in patients with neuromotor disorders. '’ 
Thus, it is changes in size of the static pool of already secreted sebum which permits growth of 
the yeast which causes seborrhoeic dermatitis. In this respect it is also important that hair is a 
major determinant of the size of the pool of sebum on the skin surface,'® the greater 
maintainance of which would therefore explain why the scalp is usually the first site of 
occurrence of the disease as well as the site of least response to isotretinoin. 

In conclusion, the effect of isotretinoin on seborrhoeic dermatitis suggests that sebum exerts a 
permissive effect on the growth of P. ovale, the causative organism. We suggest that it is the size 
of the performed pool of sebum and not its rate of production which is the determining factor, 
and that this explains the propensity to seborrhoeic dermatitis of patients with a variety of 
neuromotor syndromes, as well as certain features of the rash in otherwise normal individuals. 
We are not unaware of the irony in our painful achievement of this conclusion, when generations 
of patients and their doctors have known that washing improves dandruff. 
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SUMMARY 


Topical propylene glycol is known to cause elevated serum osmolality in burns patients. Twelve 
adults with skin disease had quantities of propylene glycol applied to their skin to a maximum of 
6-1 g/kg per 24 h for 5 days. Serum electrolyte, lactate and osmolality results remained 
unchanged during the study. These results suggest that topical propylene glycol may be used in 
adult dermatological practice without affecting serum osmolality. 


The marked elevation in serum osmolality noted in burns patients has been shown in some cases 
to be caused by percutaneous absorption of propylene glycol (PG) present in topical silver 
sulphadiazine.!~? Though the presence of PG in a wide range of pharmaceutical and cosmetic 
agents has been encouraged by its apparent low systemic toxicity, this has been challenged 
recently by reports of significant side-effects from PG intoxication which include neurological 
problems, lactate acidosis, intravascular coagulation and hyperosmolality.*~” 

There have been no reports of adverse metabolic effects from PG used in dermatological 
therapy, where it is particularly advocated for the treatment of ichthyotic skin disorders.'°** In 
Australia and New Zealand, 17% of dermatologists use PG in prescribed moisturizing cream. ?? 
Smaller quantities (usually less than 0-5 g/kg per day)'* of cream are applied in dry skin 
treatment compared to burns therapy (up to 9 g/kg per day). However, the concentration of PG 
in moisturizers is higher (up to 60°% ) compared to only 7% PG in silver sulphadiazine cream. 

Osmolality can be directly measured'* but can also be calculated using the formula:° 
calculated osmolality mmol/kg = 1°86 (Na*)+urea+glucose+g9. An excessive cutaneous 
absorption of topical propylene glycol could cause a significant gap to develop between 
measured (MO) and calculated osmolality (CO). +? CO does not take into account all the solutes 
in the serum and is usually less than MO. 

In this study, 30% and 60% topical PG cream was applied to adult patients with skin disease 
and MO was compared with CO to see whether hyperosmolality occurred. 


METHODS 


Preliminary toxicology study 
Eight adult in-patients, with psoriasis or scaling disorders, had 30% PG in aqueous cream 
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applied twice daily to their entire body for 1 or 5 deys, Elood-was ccllected, at entry or exit of the 
study, for urea, electrolytes, glucose and osmolaliw (0O). Osmolality (CO) was also calculated 


using the above formula. 






Main study 

Seven patients (three female, four male) with pserias:s (one patient was diabetic) had large 
amounts of 60°, topical PG in aqueous cream applied ser § days. Total-body occlusion-therapy 
was abandoned because of irritancr in some patiens: ortacompatibility with adjunctive therapy. 
Blood was collected on entry, day 3 and at exit of the study for measurement of serum lactate, 
urea, electrolytes, glucose and osmolality levels. Blod ‘er lactate studies was taken from flowing 
blood. Osmolality was also calculated. The amount af cream applied was measured and the 
patients weighed. The patients were all hospital in-patients and under observation for changes 
in general medical status. 














RESULT" 


Preliminary toxicology study 
All blood tests and osmolality calculations were whin normal range. 


Main study 

Three patients were eliminated because of inadequate measurements and skin irritation from 
topical propylene glycol. Two ef the four evahmtec patients had mild renal impairment 
reflected by urea levels slightly raised above mermal. Most patients experienced severe 
desquamation during or after the study. No change in medical status was observed during the 
trial. A 70 kg adult would require, imncrmal practice..abwut 44 g of cream for total body coverage 
twice a day, giving an approximate dosage of 0-35 g/g per 24 h.'? In this study dosages varying 
from 1-5~6-1 g/kg per 24 h were applied. No signifwant change in measured serum osmolality 
was noted (normal range is 275-295 mmoi;kg), ner did a significant osmolality gap develop 
between measured and calculated esmoielity. Serum sodium, chloride and bicarbenate levels 
showed that an anionic gap had not developed. Lactate «nd BSL remamed normal throughout 
the study (see Table 1). 














Patient I 2 3 4 
Calculated 293 RBS 286 292 
osmolality 296 291 294 308 
(mmol/kg) 284 z292 295 302 
Measured 302 31 294 285 
osmolality Bri S22 304 315 
(mmol/kg) 300 92 296 308 
Quantity of 
60% PG cream (g) 2350 590 1620 1715 


Dosage 
g/kg per 24 h 6I Eg 5 59 
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DISCUSSION 


Propylene glycol (PG) (1,2 propanediol) is a clear, colourless viscous alcohol that is miscible 
with water, and has many uses in industry, cosmetics and parenteral therapeutics. It is also used 
in the topical treatment of scaly skin disorders as a 20-60% aqueous or cream preparation and 
percutaneous absorption of PG is well documented.* About 45% of absorbed PG is excreted by 
the kidneys. The remainder is oxidized to lactate, pyruvate and acetate’” and is a potential 
energy source. The half-life of PG in humans ranges between 10 and 30 h. The acceptable daily 
intake of oral PG for a 70 kg person is 1:75 g.' That same person applying a 60% PG 
moisturizing cream twice daily to the entire body would be exposed daily to approximately 
26 g.)° 

Intoxication from PG is recognized and the reported side-effects include hyperosmolality, 
perception deafness, skin irritation, neurological problems including convulsions, lactate 
acidosis and acute intravascular coagulation.*-* Sublethal doses of PG in rats have haemolytic 
effects that are confirmed in vitro with PG solutions greater than 30°, . Lethal doses do not seem 
to target any particular system or organ.'” PG is less toxic than ethanol to human cells in 
culture!® and has been noted to inhibit natural killer cell and neutrophil function in vitro.'” 

Hyperosmolality has been induced by PG in a number of clinical settings, but particularly in 
intensive care unit patients during administration of nitroglycerin solutions that contain PG.*8 
Hyperosmolality has also resulted from the percutaneous absorption of PG'’*”’ in patients with 
burns. Silver sulphadiazine cream contains about 7%% propylene glycol. Huge amounts of cream 
are applied in the treatment of burns patients, and one infant was reported as having 3400 g of 
cream applied over a 70 h period! resulting in a topical PG dose of 9 g/kg per 24 h. This patient’s 
measured serum osmolality increased to peak at 420 mosmol/kg H,O with an osmolality gap of 
130 mosmol/kg due to the absorbed propylene glycol. Burns patients might be expected to have 
increased absorption because of an ineffective stratum corneum and vasodilation and may also 
have an inability to oxidize PG or excrete PG via the kidneys. Patients with toxic epidermal 
necrolysis and epidermolysis bullosa are sometimes treated with silver sulphadiazine cream, and 
dermatologists should be aware of this risk. Propylene glycol is more commonly used in the 
treatment of scaling skin disorders'°''! where preparations containing up to 60°, PG have been 
advocated and which may be used under polythene occlusion. Total-body occlusion therapy 
was abandoned in this study because of irritancy and incompatibility with other treatments. 
Occlusive therapy would be expected to increase percutaneous absorption. 

In this study up to 6 g/kg per 24 h of topical PG were used for § days without significant 
changes in serum osmolality or lactate levels. Children have a larger surface area for weight so 
these results have not definitely established the safety of PG cream in treatment of paediatric 
skin disease. Patients with renal disease might also be at risk. Two of the patients in the final 
study had mild renal impairment but did not develop hyperosmolality. Most of the adults in this 
study had severe extensive skin disease and used up to 400 g of cream/24 h. They remained well 
throughout the study, with no clinical evidence of intoxication. While these studies provide only 
short-term data, in the typical practice of applying up to 44 g/24 h, topical PG is most unlikely to 
cause changes in serum osmolality or serum lactate in adult patients. 
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SUMMARY 


Both fresh and cryopreserved cultured epithelial allografts were used to treat 20 patients with a 
total of 30 chronic ulcers. A profound stimulation of host epithelialization from the wound edges 
and epidermal appendages was observed. Our data suggest that allografts, prepared using a 
simple cryopreservation technique, retain their morphological and functional characteristics, 
and are as effective as fresh allografts in healing chronic ulceration. 


Chronic non-healing ulcers of the extremities are a major health problem. In industrialized 
countries 0-§—1:5% of the population suffer from chronic leg ulcers!” and in the U.K., over 
500,000 patients currently receive treatment for leg ulcers.’ In the U.S.A. in 1979, 128,000 
patients were hospitalized primarily for stasis ulceration with an average length of stay of 11-4 
days and which amounted to $300 million in health care costs.* In Leeds patients with leg ulcers 
accounted for 10% of all visits to follow-up clinics in the skin department and occupied 28%, of 
the in-patient beds per year. A treatment which is readily available and could reduce healing 
time, would be beneficial to both patient and the community. Previous studies have shown the 
effectiveness of cultured keratinocytes as allografts in healing chronic ulcers.°? We have 
compared fresh and cryopreserved cultured epithelial allografts in the treatment of 30 chronic 
skin ulcers. 


METHODS 

Keratinocyte cultures 
Cultured epidermal allografts were prepared from living HBsAG and HIV negative skin 
donors, using the ‘feeder layer technique’.'° At confluency the cultured sheets were detached 
from the Petri dishes after dispase treatment and mounted on Surfasoft.'' They were either 
immediately used for ‘fresh’ grafting purposes, or cryopreserved and kept frozen until later use. 

Correspondence: Dr R.G.C. Teepe, Department of Dermatology, University Hospital Leiden, Rijnsburgerweg 10, 
2333 AA Leiden, The Netherlands. 
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TABLE I. Grafting of 30 chronic ulcers woth cultured allogeneic keratinocytes 





Mean 
Mean surface Mean 

Underlying Grafting  Mo.of No.of daretion area No.cf healing No 
diseases methed patients ulcers (memths) icm”) grafts time (days) change 
Venous stasis ulcers Fresh 3 5 24 31 10 23 

Fresh +c a. 5 10 * 20 17 29 2 

cp. 5 8 ps 26 10 26 I 
Rheumatoid ulcers Fresh 1 I z I0 I 28 

Fresh + eg. 2 3 $ 23 8 66 
Ecthyma gangrenosum Fresh I 3 320 2 84 
Erosive lichen planus. Fresh +e g I Lgovears 10 2 I 
Pyoderma gangrenosum Fresh I t % Wears 26 3 42 








C.p., ervopreserved (cultured eg-thelial grafts). 


Cryopreservation and thawing procedure 

The Surfasoft-backed sheets were submerged at room temperature im a cryoprotective medium 
containing 7:5% DMSO (dimethy! sulphoxide), EGF (epidermal growth factor) and 10% fetal 
calf serum using Petri dishes. The cultures were cocied by placing the dishes into a polystyrene 
box and placing the box into a mechanical refrigerzmrat — 70 C up to 6 weeks before thawing 
and grafting. Temperature profiles of the cultures were recorded using a platinum resistance 
thermometer. The sensor was placed cn the sheet and was attached to a digital microvolt meter 
(Keithly 197 Autoranging Microvelt DMM). Thaving occurred rapidly after incubating the 
cultures at 37°C in 10% CO, atmosphere and adding serum-free medium to the dishes. Post- 
thaw the cultures were characterized morphologica.iv and per cent recovery of keratinocytes 
after trypsinization was tested with Trypan blue-dye exclusion and colony-forming efficiency. 


Patients and grafting procedure 

Twenty patients (six males, 14 fermales; mean age #7 years, age range 20-90 years) with 30 
chronic ulcers, refractory to converitiona! or surgica) methods of treatment, were treated with 
either: fresh allografts (8 ulcers); cryopreserved a ogeafts (8 ulcers); or fresh followed by 
cryopreserved allografts (14 ulcers} see Table 1). Tie ulcers averaged 33 cm? in surface area 
and 35 months in duration. They were grafted weekiy or on alternate weeks until healing 
occurred. 

The ulcer was prepared by debridement and Eusol sorapresses to produce a clean granulating 
wound. After application of the cultured sheets, tulle gras, a pad and an elastic bandage were 
applied. The patients were then cconfimed to bed for 2days. Afters days the wound was inspected 
and subsequent dressings applied at 2-day intervals using a mon-adherent type of dressing. 
Photographs were taken and the surface area of the uicers calculated by weekly tracings of the 
edges on transparent polyethylene sheets and transferring these tracings onto graph paper. 














RESULTS 
In vitro assays 
The cooling profile of cultures is shown in Figure :. T 
temperature to subzero was — 1°C/r 





e imtial coeling rate from room 
in. The exothermic temperature plateau appeared at 
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Temperature (°C) 





Time (min) 


FIGURE I. Uncontrolled-rate cooling profile of Surfasoft-backed cultured epithelium submerged in 
medium. Diagonal lines represent cooling rates of — 1 and -- 2°C, respectively. Data points are plotted at 5 
min time interval. 


— 3°C, lasting 18 min. Maximum cooling rates, seen between — 10 and — 25°C, were not 
exceeding — 2°C/min, after which cooling slowed down progressively, reaching — 70°C within 
3h. 

The post-thaw macroscopic and histological appearances were comparable to those of the 
fresh cultures. The post-thaw recovery rates of keratinocytes tested with Trypan blue exclusion 
and colony-forming efficiency were 62-8% (SD + 16-8% ) and approximately 50% of the index 
values, respectively, of the original cell lineage before cryopreservation. 


Clinical results 

In 75% of the patients (83% of the ulcers) there was complete healing with a mean healing time 
of 35 days. Venous ulcers healed twice as rapidly (27 days) as rheumatoid ulcers (57 days). No 
significant differences were noted in the mean healing time of venous ulcers treated with either 
fresh allografts (23 days), fresh plus cryopreserved allografts (29 days) and cryopreserved 
allografts (26 days). 

The healing of ulcers occurred either as a partial or as a complete (in small ulcers) take of grafts 
in 40%, or migration of epithelium inwards from the edges of the wound in 43%. Often a 
translucent membrane structure was noted first, that became scaly and thick, and soon 
afterwards the skin appeared normal. Forty-three per cent of the ulcers healed within 4 weeks 
and 83%, within 12 weeks. At 6 weeks a 70% reduction in area was seen in ulcers that did not 
achieve complete healing. Five ulcers (17%) in five patients showed no change. Two patients 
had diabetes mellitus and one patient had active and long-lasting erosive lichen planus affecting 
her feet. 

Apart from early melting of islands of epithelium within some of the ulcers, no evidence of 
acute rejection or other adverse effects were observed after healing. One patient with chronic 
myeloid leukaemia developed an ecthyma gangrenosum after chemotherapy on his left thigh. 
Allografts eventually healed the ulcer and no rejection occurred before he died 3 months later 
from his leukaemia. 
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To date the longest period of follow-up after grafting is 28 months. Three of the venous ulcers 
had recurred by 6 months, and in two patients, thi-wasdue to failure of compression bandaging. 


CASE BISTORSES 
Case I 


A 82-year-old man had stasis ulceraticn around th= medial and lateral malleoli that had failed to 
heal for 8 years (Fig. 2). Shortly before admisaon he developed an enlarging and painful 





I980 [S64 |938 28 < 25 IO 24 
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FIGURE 3. Case 1. Reduction in ulcer areas after treatment » th fresh tfr) and then eryopreserved cuitured 
allografts (c.p.). 
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pretibial skin ulcer. At regular intervals fresh and later cryopreserved allografts were applied to 
the ulcers (Fig. 3). Immediately afterwards the pretibial ulcer was free from pain and within 10 
days new epithelium started to grow in from the wound edges (Fig. 4). The pretibial and lateral 
malleolar ulcers were healed at 16 and 25 days respectively. The larger ulcer around the medial 
malleolar was healed within 12 weeks. After each application of allografts to the ulcers there was 
a marked acceleration of healing and the cosmetic results were excellent (Fig. 5). 





FIGURE 4. Case 1. Ten days after grafting a profound stimulation of epithelialization from the wound 
edges and epidermal appendages was observed. 





FIGURE 5. Case 1. Excellent cosmetic results after healing occurred. 
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FIGURE 6. Case 2. Reduction in ulcer area after weekly axclications of cryopreserved cultured allografts. 


Case 2 

A 71-year-old woman with a long history of recurent venous ulceration developed rapidly 
enlarging bilateral ulcers with sloping edges, in a = orotic area around the medial and lateral 
malleoli that extended over an area of 60 cm’. After acplicatien of cryopreserved allografts (Fig. 
6), the ulcers started to fill in rapid|y with marked bealthy granulation tissue and by 7 days the 
ulcers were covered with a translucent membranous: *ructure. Four days later epithelial islands 
were observed in three ulcers that completely healed within 14 days. A larger ulcer epithelialized 
from the edges within 4 weeks. 


DISCUSS lor 


Successful transplantation of cultured epithelial auto arafts was first reported in 1984!? and this 
technique has since been employed in the treatmemt of extensive surns,'*-!® excised giant 
congenital naevi,'? tattoos (I1.M.Leigh, personal communication), degloving skin injuries,?° 
junctional epidermolysis bullosa”? and caronic skin alcers. 74 

Following observations that cultused epithelia! allærafts were not clinically rejected in burn 
patients,”* coupled with previous findings showing tæ loss of expression of class II antigens in 
cultured keratinocytes,** and supported by animal?” as well as humea studies?’:?* indicating 
the prolonged survival of cultured allografts, it was s aggested that cultured allografts might be 
accepted permanently in unmatched recipients. Cultwred epithelial allografts were successfully 
used for the treatment of extensive burns,*? donor s~<s3,°° leg ulcers and the eroded areas in 
recessive dystrophic epidermolysis bullosa.” Recent scudies have shown that cultured allografts 
are not permanently accepted?! but progressively rep aced by the recipient’s cells,>? although 
graft survival is slightly prolonged.’ The cultarec allograft appears to act as a biological 
membrane, producing epidermal cell-derived factors. These factors seem to stimulate the 
migration and proliferation of keratinocytes from the ound edges and epidermal appendages 
and inhibit fibroblast-induced collagen ccntracticn.** 

In recent clinical studies it was reportec that culturs 


















4 allografts accelerate wound healing in 
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patients with chronic ulcers,°*’ the major effect being a stimulation of epithelialization from 
the edges of the ulcers. In one study® it appeared that epithelial islands in the centre of the ulcers 
survived temporarily and at least a transient take occurred. However after 1 week, no donor 
keratinocytes survived, indicating the striking migration and proliferation capacity of the 
stimulated host keratinocytes. 

We have also observed a profound stimulation of host epithelialization from the wound edges 
and remnants of epidermal appendages, even in longlasting pyoderma gangrenosum and in 
therapy-resistent, chronic end-stage venous ulcers, as occurred in cases 1 and 2. After 
application of the cultured allografts most of the patients were immediately relieved of their 
pain, and the cultured grafts not only improved the granulation tissue, but promoted the 
formation of a complete basement membrane layer.°** 

We have developed a simple and effective cryopreservation technique using uncontrolled- 
rate cooling of cultured epithelium. Cooling and thawing are two critical periods for cell survival 
during cryopreservation. In order to promote the viability of frozen tissue, the usefulness of 
slow cooling and rapid warming procedures is generally recognized.*°:*° Prolonged exothermic 
temperature plateaux are particularly associated with damaging effects.’ 

Using our technique the cultures were not subjected to cooling rates in excess of — 2°C/min. 
By cooling at that rate or less, Mazur’? predicted that embryos ought not to freeze internally 
since they will have dehydrated to equilibrium before cooling to the ice-nucleation tempera- 
tures. Although prolonged exothermic temperature plateaux were present in our procedure, the 
recovery of keratinocytes after thawing was sufficiently high. These findings support the clinical 
results that cryopreserved allografts are equally effective as fresh allografts in healing chronic 
ulcers. More fundamental research on the specific cryobiological requirements of cultured 
epithelium is necessary. The reported advantage of controlled-rate cooling of viable human 
allografts?” is, due to the multistrata structure of skin, not necessarily applicable to cultured 
epidermal sheets. 

Our findings may have considerable importance in patient care, because cryopreserved 
allografts, as a biological ‘off the shelf product’, are readily available and can be easily 
transferred. The application of these allografts requires neither special skills, nor anaesthesia 
and donor site problems are avoided. No adverse effects of treatment have been observed. 

Apart from early ‘melting’ of epithelial islands within some ulcers, no evidence of acute 
rejection was observed. Although we did not specifically study the cellular origin, it appeared 
that the cultured allografts in one case showed prolonged survival up to 3 months, presumably as 
a result of the profound state of immunosuppression in the patient. 

Although we have followed our patients for up to 28 months, it is too early to assess the 
recurrence rate of ulcers after allografting, though there is no reason to expect that it would be 
any different from ulcers treated by other methods. Most important in the out-patient 
management of leg ulcers is supportive leg bandaging.*” 

Our data for both fresh and cryopreserved allografts suggests a strong stimulation of host 
epithelialization, with healing rates far better than reported for gauze and standard compression 
therapy.*°:*! We are currently conducting a comparative study of a hydrocolloid dressing and 
cryopreserved allografts in venous stasis ulceration. 
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SUMMARY 


Twenty patients with chronic solar damage of the skin were entered in a double-blind, within- 
patient trial to compare the effect of 005% tretinoin cream with a placebo applied once daily for 
12 weeks. Sixteen completed the study. Clinical assessment of the individual signs of solar 
damage were recorded on separate visual analogue scales. After 12 weeks, there were significant 
improvements in fine wrinkling around the eyes, crease lines around the mouth and cheeks, 
wrinkling on the dorsum of the hands and yellow discoloration. Overall, 14 of the tretinoin- 
treated sides were judged to have improved compared to only two of the placebo-treated sides 
(P =0-011). Measurement of skin thickness by pulsed A-scan ultrasound revealed that the sides 
treated with tretinoin were significantly thicker than the placebo-treated sides (P = 0°019). Skin 
biopsies taken before and after treatment showed an increase in mean epidermal thickness with 
tretinoin treatment (P =0-019). The clinical signs of improvement persisted at the follow-up 
assessment performed 4 weeks after cessation of therapy. 


Ageing of the skin in Caucasian subjects is characterized by wrinkling, loss of tone and turgor, a 
faint yellowish discoloration and the presence of telangiectasia.! Solar keratoses, lentigines and 
alterations of the skin surface add to the overall appearance of ageing. It is now generally 
acknowledged that these signs are primarily due to chronic solar damage from ultraviolet 
radiation (UVR) rather than the intrinsic ageing process, and the term ‘photoageing’ is used to 
describe them.” Recently it has been reported that many of these alterations are improved by the 
use of topical retinoic acid.>* In this double-blind, within-patient trial we compared the effect 
of 0-05% tretinoin cream with a placebo in patients showing evidence of photoageing changes in 
the skin. 


Correspondence: Professor R.Marks, Department of Medicine (Dermatology), University of Wales College of 
Medicine, Heath Park, Cardiff CF4 4XN, UK. 
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METHODS 


Patients 

All the patients had attended the dermatology out-pztient clinic with various ailments (10 basal 
cell carcinoma (BCC), five solar keratosis (SK), three BCC and SK, one sebaceous gland 
hyperplasia and 1 senile comecone). The only critecicn for entry was the presence ef one or more 
signs of photoageing affecting the forearms and faee. These were: fine wrinkling around eyes, 
crease lines around mouth and cheeks, yellowish appearance to skin, telangiectasia over cheeks, 
periorbital comedones, wrinkling of skin on the backe the hands and lesions of solar keratosis. 
Other cutaneous signs, e.g. dryness of the skin and irregular pigmentation were not considered 
to be due unequivocally to sun-danage and were mot assessed, Ten male and ro female patients 
with a mean age of 63 (age range 40-77 years) were entered into the study. All patients gave 
written, witnessed informed consent prior to entry uwo the study and the study received ethical 
approval from the Joint Ethics Cenmittes of the SouthGlamorgan Area Health Authority and 
University of Wales College of Moedicine. 











Study design 
The study was designed and concacted as a placebe-costroiled, double-blind trial in which the 
active preparation and the place bowere randomly alicceted te the right or left sides. Treatments 
were applied to the face and to the dorsum of the hancs and forearms. The patients were given a 
tube of cream for each side and imstructed to apply approximately o5 g of each to the extensor 
aspect of the allocated hand and ferearm and the same amount to the ipsilateral half of the face. 
One tube contained 005°, tretinwin cream (Reto A cream, Ortho Pharmaceuticals) and the 
other contained the identical, amb phihe vehicle cream with the substitution of a yellow colour 
in place of tretinoin. Both preparations were manutecauced by Ortho Pharmaceuticals and were 
contained in identical, coded packaging. Monthly checks were made to ensure that the patients 
understood the need to avoid contzmination of one side by the cream allocated to the other side 
and that the preparations were applied regularly. Tebes were inspected at each visit and 
weighed at the end of the treatmeat period to cormirm compliance. 

Patients were asked to apply the test creams once «dzil¥ 2 h before bedtime and at least 30 min 
after washing. The treatment period lasted 12 weeks, during which time no facial cosmetics were 
to be used and exposure to strong sunlight was avcided. Fatents were warned that irritation 


could result from treatment and -hat they shoul report amy symptoms such as itching or 
burning. 











Clinical assessments 
Assessments by the same physictam were made befcrs treatment and at 4, 8 and 12 weeks, witha 
follow-up visit at 16 weeks. The adividual signs af pkotcageing were scored on O-10 visual 
analogue scales with separate scorss for each side cf the face and each hand. Patients were also 
evaluated for the signs and symptoms af skin mritaticn at each visit. Each side of the face and 
each forearm was assessed separately by asking the catient # there was any itching, stinging or 
burning and by inspecting for erythema or peeling and recording each of these parameters as 
either none, mild, moderate or severe. 

At 4, 8 and 12 weeks of treatment the response te therapy of each side was rated by the 
physician as ‘much improved’, “:moroved’, ‘slighty improved’, ‘no change’ or ‘worse’. 
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Objective clinical assessments 

The skin thickness of the extensor aspects of the forearm were measured at the same sites on each 
arm at each visit using a pulsed A-scan ultrasound device (Cutech Ltd.).56 Three measure- 
ments were made at the same point (at the midpoint of the junction of the upper and middle 
thirds of the extensor aspect of the forearm) and the mean value used. 

A uniaxial extensometer (Cutech Ltd.)’ was used to assess any change in skin ‘stiffness’ at the 
treated forearm sites. This device measures the forces generated during the forced movement of 
two metal tabs which have been fixed to the skin with a cyano-acrylate adhesive. The mean value 
of three readings taken from the middle third of the extensor surface of the forearm was used. 


Histological assessments 

Biopsies were taken at the central part of the proximal third of the extensor surface of each 
forearm using a 4-mm disposable trephine before therapy and after the 12 weeks’ treatment 
period. The second specimen was taken from a separate site between 1 and 2 cm from the 
original biopsy. Specimens were fixed in buffered formol saline, embedded in paraffin wax, 
sectioned at 5 zm and stained with haematoxylin and eosin and by Halmi’s trichrome method for 
staining connective tissue. The sections were examined by one investigator (RM) who did not 
know if specimens were taken before or after treatment or which treatment had been applied. 

The histological sections were submitted to formal image analysis using the Optomax V image 
analysis (Analytical Measuring Systems). Image analysis of the haematoxylin and eosin-stained 
sections was performed to measure the mean epidermal thickness (MET). In this technique a 
high power field ( x 40) is selected at random and the area of the epidermis is measured then 
divided by the length to give the average thickness of the epidermis. This was repeated 10 times 
for each specimen. The Halmi-stained sections were analysed in a similar way to measure the 
distance between the epidermis and the upper limit of the degenerate elastotic dermis, and the 
depth of the lower limit of the elastotic tissue. 

In addition the following histological assessments were also made on each specimen and 
recorded on o-10 visual analogue scales: epidermal dysplasia, dermal inflammatory infiltrate 
and dermal solar elastotic degeneration. These semi-quantitative techniques have been used 
previously for other similar assessments and have been found to be reproducible and to correlate 
with other, more objective methods. ®? 


Statistical analysts 

The changes in clinical signs between tretinoin-treated and vehicle-treated sides, the data from 
visual analogue scale assessments of the histological sections and the quantitative histological 
data were compared by the paired Student’s t-test. The categorical data were compared by the 
Wilcoxon signed rank test or the y* test. 


RESULTS 


Sixteen of the 20 patients completed the study. Three patients withdrew for reasons unrelated to 
the study. One complained of severe irritation from both tretinoin and vehicle creams and was 
unwilling to continue beyond the fourth week, although examination revealed only minimal 
erythema. 

Clinical assessment at 4 weeks showed that two patients had slight overall improvement on the 
tretinoin-treated side (Table 1). After 8 weeks of treatment nine patients were impoved on the 
tretinoin-treated side (P <0-004). At the end of 12 weeks of treatment, 14 of the tretinoin- 
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Results 
Change Difference 
with between 
Clinical signs Treatment Before After treatment treatments Significance 
Mean visual analogue scale scores (0-10) 
(rounded values) for clinical signs 
Fine wrinkling Vehicle 404 3°84 — 021I 
around eyes Tretinoin 3°76 3°10 — 0°66 O45 sae 
Crease lines Vehicle 4°02 3°92 —O II 
around mouth Tretinoin 4°09 327 —o-82 Sa e 
and cheeks 
Wrinkling on Vehicle 3 64 3°62 — 0-03 T 
dorsumofhands Tretmoin 375 3°20 —0 55 mie SEON 
Yellow Vehicle 4°94 4°92 — O02 
discoloration Tretinom 5-04 427 —O7§ >73 i ; 
Ultrasound measurements (mm) 
i Dermal Vehicle I'12 I-Ol — I0 aa er 
thickness Tretinoin ri r4 o o2 3 5 


treated sides were judged to have improved compared to only two of the vehicle-treated sides 
(P =0-011). 

Judged individually, fine wrinkling around the eyes, crease lines around the mouth and 
cheeks, wrinkling on the dorsum of the hands and yellow discoloration on the face all improved 
with tretinoin. Although wrinkles, crease lines and yellowing started to reduce after 4 weeks, the 
differences did not reach statistical significance until after 8 weeks. The differences between 
treatment with tretinoin and vehicle became more pronounced after 12 weeks of treatment 
(Table 2). 

At the follow-up assessment it was found that the difference between the tretinoin-and 
vehicle-treated sites had become even greater (Table 3) despite the fact that no treatment was 
used during this period. The clinical assessments of the severity of periorbital comedones, 
telangiectasia and solar lentigo lesions showed no change with either the active treatment or 
vehicle. 

The effect of treatment on solar keratoses was difficult to assess as only seven patients had 
lesions on both sides of the face or arms. Of these patients, two had an increase in the severity 
score with both tretinoin and vehicle, three decreased on both tretinoin and vehicle, but more on 
tretinoin, and two improved on the side treated with tretinoin and deteriorated on the side 
treated with vehicle alone. 

Mild irritation occurred at tretinoin-treated sites in up to 94% of patients compared with 
25% at vehicle-treated sites. However, this consisted of mild erythema in most cases and usually 
without any symptoms. There was complete disappearance of all signs of irritation at the follow- 
up visit. 
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TABLE 3. Follow-up assessments at week > visual analogue scale scores (0-10) 








hange Difference 


from between 
Clinical signs Treatment Score caseline treatments PignineangE 
Fine wrinklin Vehicle agr i. 
ä tae ae ei T — 06E P =œ009 
around eyes Tretinoim 2-98 ~ O83 
Crease lines Vehicle Os Toz 
Aa i j -079 P=0-00§ 
around mouth Tretinom 35 ~ FF 
and cheeks 
Wrinkling on Veale Tå cr ED 
sete 7 | ~ O78 P=0-008 
dorsumefhands Tretinoin 3:07 -0 GB 
Yellow Vekicle -O2 oog 
: f Re 3 — 086 P = 0-002 
discoloration "Tretinoin 424 — FB 


Objective measurements 
The skin thickness as measured by ultrasound showed a difference tetween tretinoin-treated 
sites and vehicle-treated sites, reaching a diference of 13°% after 12 weeks of treatment 
(P=0:005) (Table 2). This difference between treatments resolved when treatment was 
stopped. 

‘There was no change in the skin stiffness measurements made with rie extensometer at either 
tretinoin- or vehicle-treated sites. 


Hiıstometric results 

There was a statistically significant’y greater increase in MET with tretinoin than with vehicle 
(P= 0-019). There was no difference in the mear cher: amge in thedepth or thickness of the elastotic 
dermis when tretinoin-treated sites and vehicle-trezced sites were compared (Tabie 4). 


TABLE 4. Bistometzic results 
ETRE PRR AGASSI RAINY eerie hints: aan 











Mean depth (im) 
aaa a Change 
Before After with 
Measurement ‘Treatment treatment treatmert treatmen: Diference siguilicanice 
Meanepidermal Vehicle §3°5 sa8 3 
thickness "Fretinoin 50'6 Fig 20-3 ae seach 
Upper limit Vehicle 35% 355 zg 
; e ate Ke zI NS 
of elastosis Tretinoin 453 4e8 4°¢ 
Lower limit Vehicle 4r-9 4 I 21ré “an NS 
of elastosis Tretinoin 433 4al Roy T123 
eem n aa aE 


NS. not siguificem:. 
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When the biopsy specimens were compared subjectively and scored on a visual analogue scale 
there was no significant difference between tretinoin or placebo in the degree of epidermal 
dysplasia, dermal elastotic degeneration or inflammation. 


DISCUSSION 


The serial clinical assessments of the skin on the face and hands reported here confirm earlier 
reports** that topical tretinoin improves the appearance of photoaged skin by reducing fine 
wrinkling, crease lines and yellow discoloration. The improvement in appearance of the skin 
was seen after 8 weeks of treatment and although the improvement was judged to be slight in 
most cases it persisted for at least 1 month after cessation of therapy. 

Changes in the appearance of photoaged skin could be induced by several mechanisms. The 
presence of mild irritation with treatment in many patients raises the possibility that non- 
specific inflammation in the dermis with attendant swelling could be responsible. However, like 
Weiss et al.* we did not see any gross dermal oedema in the biopsy specimens and there were no 
histological signs of inflammation. If inflammation alone were responsible for the improvement 
in appearance then it would not be possible to explain the persistent improvement during the 
follow-up period when all physical signs of inflammation had resolved. 

Previously we have shown that skin decreases in thickness with age, using an ultrasound 
technique.° The detection of an increase in thickness of tretinoin-treated compared to vehicle- 
treated skin may indicate either that the tretinoin-treated skin became thicker or the vehicle- 
treated sites became thinner. The most likely explanation is that there was a thickening of the 
dermis during treatment with tretinoin, similar to that observed in animal experiments.!° 
However, we were unable to detect any difference in the histological appearance of collagen 
between treatments and this may have been because changes were taking place in the soluble 
components of the dermal connective tissue at the time of examination. The resolution of the 
skin thickness differences during the follow-up period raises the possibility that the change in 
the thickness was related to the irritation of the skin. There was a statistically significant increase 
in mean epidermal thickness during treatment with tretinoin (Table 4) which was similar to the 
findings in previous studies.** The visual analogue scale assessment of the effect on the degree 
of epidermal dysplasia of non-lesional exposed skin showed no difference between tretinoin and 
vehicle, but we were able to show that some patients with solar keratoses did improve at the 
tretinoin-treated sites. 

The publication of the results of the first double-blind study was greeted with enthusiasm! 1-1? 
and our results support these earlier findings that there is clinical improvement in the 
appearance of photoaged skin following treatment with tretinoin. Although we observed only 
slight improvement in appearance the changes do seem to persist for at least 1 month after 
cessation of therapy. However, there are still no data regarding the mechanism of action or the 
structural changes that take place within the dermal compartment. The reversibility and degree 
of change possible are also unknown and much more work is required before we can advocate the 
use of topical retinoic acid as a treatment for photoageing. 
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SUMMARY 


Cutaneous larva migrans is becoming more common in the U.K. with the popularity of tropical 
countries as holiday destinations. We describe the increasing use of a new benzimidazole 
derivative, albendazole, which is very effective in the treatment of cutaneous larva migrans. In 
contrast to thiabendazole, it is virtually free from side-effects and should, we feel, become the 
treatment of choice for this condition. 


Cutaneous larva migrans (CLM) is a distinctive eruption (Fig. 1) caused by infective larvae of 
various animal nematodes penetrating and subsequently wandering in the skin. ‘The commonest 
larva involved is that of Ankylostoma braziliense, acquired from dogs, but several others have 
been implicated, including Ankylostoma caninum, Uncinaria stenocephala and Bunostomum 
phlebotomus.' Caucasians are most commonly infected while walking barefoot or lying 
unprotected on sandy beaches in tropical zones, where ova, shed with the host’s faeces, have 
hatched into infective larvae able to penetrate human skin. Historically, cases presenting in the 
U.K. have returned from Central and South America or Africa. Recently, however, holiday 
destinations such as Thailand and Malaysia are responsible for an increasing number of cases. 

CLM is usually self-limiting, most lesions resolving after 1-3 months (probably depending 
on the species of larva responsible’) as the human is a ‘dead-end’ host. Usually, however, the 
lesions are extremely itchy, and can be extensive so that treatment is often required. In recent 
years, a new oral benzimidazole derivative with potent antihelminth activity (albendazole, 
Smith Kline and French; Welwyn Garden City, Herts, U.K.) has been developed and used in 
the treatment of helminth infections such as hydatid disease. 2 In Central America, Africa, India 
and the Far East, albendazole has a product license for the treatment of intestinal helminth 
infections. In some of these areas, it has also been used, as a 3-day course, in the treatment of 
CLM.?-5 This has proved to be very effective and has not been associated with any side-effects. 
In this report we describe our experience with albendazole in the treatment of CLM cases 
presenting in the U.K. 


Correspondence: Dr S.K.Jones. 
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FIGURE 1. Typical wandering of curanmeous larva mgram. T he-circular lesion represents an unsuccessful 
attempt to arrest the progress of the larva with liquid miroger cryetherapy. 


PATIENTS 


Eight patients with typical CLM were treated with albendazole ata dosage of either 400 mg b.d. 
or 400 mg o.d. for 3 days; the reductior in dosage being suggested by the manufacturers during 
the study in the light of further patients trested world-wide. Individual patient details are 
outlined in Table 1. 

All patients experienced rapid re. ief of pruritus(csually within 24h) associated with the arrest 
of progression of the larval tracks. Most patients <xperienced complete resolution of lesions 
within 1-2 weeks. No patient experienced che severe side-effects frequently found with 
thiabendazole. Indeed, only one pacient repored any side-effects at all, describing an 
uncontrollable temper on day 2 of treatment, just = he had experienced when being ‘dried out’ 
from alcoholism several years previously. No patiant relapsed. 


DISCUSSP@N 


CLM isa benign, self-limiting eruption, but frequently causes extreme pruritus which requires 
treatment. To date, the therapies availeble have had marked side-effects, have been of doubtful 
value, or have been awkward to use. Ore method im olves freezing with liquid nitrogen. This is 
rarely effective, however, as the larvae are ahead of the advancing track and can be missed, and 
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TABLE I. 

Patient Where contracted Site Dose(mg) Symptom relief  Side-effects 
AW Jamaica Foot 400 o.d. 24 h Nil 

SN Jamaica Foot 400 o.d. 8h Nil 

CA Thailand Foot 400 b.d. 2h Nal 
HW Thailand Calf 400 o.d. 3h Nil 

LB Thailand Breasts 400 b.d. 24-48 h Nil 

Vi West Indies Toe 400 o.d. 24-48 h Nil 
AM Antigua Buttocks 400 o.d. 8h "Temper 
VC Malaysia Foot 400 o.d. 48 h Nil 


because larvae may not be killed by freezing (larvae survived § min exposure to — 25°C in one 
study®). Other recognized treatments include thiabendazole given systemically (associated with 
possibly serious side-effects) or topically with or without occlusion (logistically difficult 
depending on the site). 

In contrast, albendazole is rapidly effective*~° and, unlike thiabendazole, is well-tolerated. 
Although there have been isolated reports of abnormal liver function tests, neutropaenia and 
fever (returning rapidly to normal on stopping the drug), these have all been in patients treated 
for periods of 1-3 months and have not been seen in patients treated for just a few days. Its mode 
of action is not fully understood, but in common with other benzimidazoles, is thought to 
include: (1) inhibition of microtubule formation leading to impaired uptake of glucose by the 
helminth; (i) inhibition of helminth specific fumarate reductase; (iii) inhibition of malate 
dehydrogenase. 

Our series confirms the efficacy and safety of albendazole in Caucasian patients treated in the 
U.K. The recommended dose from this, previous studies, and data on file with the 
manufacturers to date, would seem to be 400 mg daily for 3 days, although in the future this may 
be reduced to a single 400 mg dose.” At present, albendazole does not have a product license for 
CLM in the U.K. but can be obtained on a named patient basis from the manufacturers. 


ADDENDUM IN PROOF 


Since this manuscript was accepted for publication a further report has confirmed the efficacy 
and safety of oral albendazole as a treatment for cutaneous larva migrans in Caucasion patients. i 
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SUMMARY 


Patients with the idiopathic hypereosinophilic syndrome (HES) may develop associated skin 
disorders. We describe a patient who had xerosis since birth, but who first developed symptoms 
of aquagenic pruritus soon after he presented with HES. Photochemotherapy with psoralen and 
UVA treatment reduced his peripheral blood eosinophil count. The good response to treatment 
suggests that there was a close relationship between the dermatosis and the blood disorder. 


CASE REPORT 


A 61-year-old male patient was found to have marked blood eosinophilia (24-9 x 107/l) when 
undergoing investigation of longstanding osteoporosis of the spine. No cause for the 
eosinophilia was found, although he was an atopic subject. A bone marrow investigation showed 
hyperplasia of eosinophil precursors consistent with the diagnosis of the hypereosinophilic 
syndrome (HES). The leucocyte alkaline phosphatase score was normal and there was no 
Philadelphia chromosome. The eosinophilia persisted and a diagnosis of the idiopathic HES 
was made. 

The patient also developed a haemorrhagic retinopathy which was initially thought to be due 
to hypereosinophilic thrombotic disease. It was, however, subsequently attributed to high 
myopia which is recognized as a cause of retinal degeneration. Severe degeneration can 
commonly lead to haemorrhage and retinal detachment.’ 

Shortly after presentation the patient developed symptoms of aquagenic pruritus. He 
complained of an intense discomfort of the skin, most marked 5 min after leaving his bath. Less 
marked pruritus occurred at other times. On examination he was found to have marked xerosis 
which had been present since birth. This had been asymptomatic till he developed eosinophilia, 
and his pruritus did not respond to treatment with emollients. His dry skin did not appear to be 
the cause of the aquagenic pruritus and it was concluded that the patient had developed 
aquagenic pruritus in association with the HES. He also had hand eczema. Clinical examination 
and investigation (including cardiac echograms) failed to show any evidence of other more usual 
manifestations of the HES, in particular, cardiac, pulmonary or neurological involvement. 
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FIGURE 1. Progress of patient’s vasinochil count wite and without PUVA treatment. W, PUVA twice 
weekly. 


The patient received busulphan and prednisone for a short period in 1981 following a 
mistaken diagnosis of ‘chronic granulocytic leukaemic of eosinophilic type’. This resulted in a 
marked fall in his circulating eos#yop 7:1 count amd a-considerable reduction in his pruritus. In 
1984, the patient became intolerzat of alcohol. Drerrhcea and incapacitating dizziness occurred 
after small quantities of alcohol. Alcohol intoleraae is more frequently seen as a manifestation 
of Hodgkin’s disease or carcinoma of the cervix” and has been previously reported in 
eosinophilic leukaemia.* The symptoms have sulsequently persisted. 


Investigations 
A skin biopsy from the itchy xeromec, but otherwise morral skin of the thigh in 1987 showed only 
a mild perivascular inflammatory ¿ell infiltrate wits smell numbers of eosinophils. Sections were 
also stained with the mouse monwclomel antibody =G2 (gift of Dr Tai, St George’s Hospital) 
which stains secreted eosinopnal caticnic protein end 2zosinephil protein X and demonstrates 
intact eosinophil granules and extravasated eosincphil material. No significant specific staining 
was seen in the patier:t’s sections. 

Since cutaneous fibrinolytic activity has been cisimed to be elevated in aquagenic pruritus* 
this was measured in a biopsy specimen from our patient’s skin using a fibrin-plate method? but 
the results before and after water chaHenge were no d#fferem: from the controls. 


Progress 

The patient’s aquagenic pruritus became markedly less severe after chemotherapy produced a 
reduction in his circulating cosinephi: count. The pruritus continued however, and PUVA- 
treatment was begun in 1987 and continued over 9 mcnths. Althcugh there was only a small 
reduction in symptoms, during tls time the cosimophad count fell. The eosinophil count rose 
again when the PUVA was disconcinued in 1988 gad was further controlled when PUVA was 
reinstituted (Fig. 1). 





DISCUSSION 





Skin lesions are commonly presemt in patients weth the HES, with an incidence of between 
27°%,° and 53%.’ The skin lesions are frequently mon-soecific, either red pruriginous papules 
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over bony prominences or angioedema/urticaria.’ There have been occasional reports of more 
extensive itchy papular eruptions.® Rarely, cutaneous lesions may be the only manifestations of 
the syndrome.’ Aquagenic pruritus, has not, to our knowledge, been described in the HES. The 
histology of the affected skin in the HES shows a mixed inflammatory infiltrate with a high 
proportion of eosinophils. We failed to demonstrate increased numbers of eosinophils in our 
patient’s skin possibly because it was biopsied at a time when his disease was in relative 
remission. The antibody EG2 was used in an attempt to pick up evidence of activation of 
eosinophils as it has been shown that eosinophil granule deposition may occur in dermatoses 
such as atopic eczema even in the absence of large numbers of eosinophils.” However, no specific 
staining was demonstrated. 

Our patient also has congenital xerosis, probably associated with atopy. Xerosis may produce 
pruritus when associated with eczema, or in the elderly it may manifest as water-induced 
itching.'° It is unlikely that xerosis was responsible for our patient’s symptoms as the pruritus 
was of late onset, and was unresponsive to intensive treatment with emollients. 

Aquagenic pruritus is characterized by an intense, burning discomfort of the skin which 
occurs after contact with water at any temperature or any degree of salinity. The symptoms 
normally begin during, or immediately after contact with water and last for about half an hour.*? 
The buttocks and thighs are most commonly affected, and there is never any observable change 
in the appearance of the skin. Most cases are idiopathic, although some have been attributed to 
polycythaemia.'! 

Our patient has two rare manifestations of the HES, namely alcohol intolerance and 
aquagenic pruritus. +^ His response to photochemotherapy is of interest, since, although this was 
of little therapeutic value, it reduced the patient’s circulating eosinophilia. There are two other 
case reports of successful use of PUVA in the HES, +? and in both these cases the disease was 
limited to the skin. The mechanism by which PUVA reduced the circulating eosinophil count is 
unknown but possibly the stimulus to the eosinophilia arose in the skin, and the PUVA acted by 
reducing this stimulus. Alternatively, PUVA may have had a direct effect on eosinophils as they 
circulated through the skin. Studies are in progress to investigate this further. 
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SUMMARY 


We describe a 33-year-old man with an unusual epidermal naevus that followed the lines of 
Blaschko. There were filiform hyperkeratoses, large cutaneous horns and lesions that resembled 
giant comedones and linear hyperkeratotic plaques. All of these lesions showed acantholysis 
without dyskeratosis. As the disorder is characterized by multiple small or large horn-like 
processes, we propose the term ‘naevus corniculatus’. 


Various types of epidermal! naevi have been described, such as the common verrucous type, the 
epidermolytic type,’ and the inflammatory linear verrucous epidermal naevus (ILVEN).? 
These are not simply variants of each other, but are regarded as being distinct entities and all of 
them have a linear arrangement that follows the lines of Blaschko.° 

We report an epidermal naevus that differs from the types known so far, and for which we 
propose the term ‘naevus corniculatus’. 


CASE REPORT 


A 33-year-old patient had a hyperkeratotic skin disorder from birth. The family history was 
non-contributory and the patient had a daughter who was normal. Physical examination 
revealed an epidermal naevus that was arranged in streaks and involved the entire body with the 
exception of the head (Fig. 1). The distribution of the skin lesions followed the lines of Blaschko. 
Most of the individual lesions consisted of horn-like processes (Fig. 2) and some areas were 
covered with filiform hyperkeratoses (Fig. 3). Other areas showed large cutaneous horns, 
measuring up to 2 cm. The patient was able to remove these horns without any pain, to leave a 
cavity lined by an erythematous keratotic wall. In other areas, the hyperkeratoses resembled 
giant comedones. Some of the lesions coalesced to form large linear verrucous plaques which 
were especially thick on the soles and were the cause of pain whilst walking. In 1970 some of the 
large hyperkeratotic lesions of the right sole had been removed surgically, with subsequent 
grafting of skin obtained from the right thigh. 


Correspondence: Dr R.Happle, Department of Dermatology, University of Nijmegen, Javastraat 104, NL-6524 MJ 
Nijmegen, The Netherlands. 
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FIGURE 1. Naevus cornicukerus. arranged in a sy St. ized pattern following the lines of Blaschko. 





FIGURE 2. Linear arrangement of horn- ke processes on the left hand. 
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FIGURE 3. Filiform hyperkeratoses on the trunk, 





FIGURE 4. Cutaneous horn showing cleavage within the underlying epidermis (original x 30). 
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FIGURE §. Intraepidermal cleavage with partial aches en of the acantholytic prickle cells, giving the 
impression of a dilapidated brick wall (origirml > 85). 


Light and electron microscopica! findings 

During the past 20 years, eight biopsies were taken of lesions from various sites. Light 
microscopy of these biopsies showed £ th ckemed spidermis with marked hyperorthokeratosis 
(Fig. 4). The most prominent feature, how =ver. was acantholysis with clefting both suprabasally 
and in the upper epidermis, resulting in the appewance of a ‘dilapidated brick wall’ (Fig. 5). 
Dyskeratotic cells were only rarely noted. 

On electron microscopy the keratinocytes showed thickened tonofilament bundles as well as 
elongated and branching microvilli (Fig. 6 a—c). The wary tonofilament aggregates surrounded 
the nuclei in a whorling configuration. The micvillous projections only rarely contained 
tonofilaments and desmosomal attachments. These changes were present in the suprabasal layer 
and were more prominent in the upper epiderm s Wicening of the intercellular spaces, 
resulting in blister formation, wes found throughout the entire epidermis. There was no 
dyskeratotic degeneration of the acanthelytie cells. The granular layer showed a regular 
deposition of keratohyalin granules on me thickened tonotilaments. The horny layer was 
markedly thickened but did not show pathological inclusions. 


DISCUSSION 


This uncommon type of epidermal naevus was cheracterised 5y acantholysis and we were not 
able to find a similar case in the available literature. Cleary this naevus is neither Hailey-Hailey 
disease,* Darier’s disease’ nor familial Cyskeratecic comedones.© The systematized linear 
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FIGURE 6.(a) Low-power electron microphotograph of the basal and suprabasal epidermis showing initial 
acantholysis with widened intercellular spaces ( x 2800). (b) Acantholytic cells within the prickle cell layer 
showing characteristic disorganisation of tonofilament bundles ( x 1400). (c) High power electron 
microphotograph of the atypical microvillous projections of keratinocytes. There are numerous elongated 
microvilli without tonofilament-desmosome complexes ( x 6500). 


distribution is similar to that observed in acantholytic dyskeratotic epidermal naevus. ™® In this 
condition, however, the individual lesions resemble those of Darier’s disease?!" and there are 
neither filiform horns nor comedo-like lesions as observed in our patient. The light and electron 
microscopical findings of our case resembled those seen in Hailey—Hailey disease?! rather than 
Darier’s disease.* Our case is also fundamentally different from the relapsing linear acantholytic 
dermatosis as described by Vakilzadeh and Kolde,'? the individual lesions being persistent and 
inflammation only rarely occurring. 

In conclusion, this naevus seems to be a new skin disorder. Its clinical, histopathological and 
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ultrastructural features separate i frem any othe: genetic acantholytic skin disorders and, in 
particular, from other linear conditions such as clapsing Enear acantholytic dermatosis and 
acantholytic dyskeratotic epiderr:al naevus. 

As horn-like processes are the clinical hallmark =f the disorder, we propose the term ‘naevus 
corniculatus’. The word cornicalatus means ‘covered with small horn-like processes or 
horns’.'* The fact that the cutaneews horms can reach such a considerable size despite 
acantholysis at their base, may be explained by the almost complete absence of inflammation. 
This contrasts with that seen in cther acantholytic skin disorders though the phenomenon of 
acantholysis may explain why many of these hers can easily be removed without pain or 
bleeding. 

It is likely that this naevus crigmated from a somatic mutation occurring at an early stage of 
embryogenesis, or from a gamet.c half chromatid mutation.'+ Whether the distribution is 
bilateral or unilateral, and whether the involvement is widespread or localized, will depend on 
the time during embryonic development when the somatic mutation occurred. 
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Topical cyclosporin A in psoriasis 


Str, There has been considerable interest recently in the efficacy of cyclosporin A (CsA), a potent 
immunosuppressive drug, in some inflammatory diseases. Several studies'** have reported the beneficial 
effect of oral CsA on patients with psoriasis, including studies on short-term** and low-dose CsA 
therapy. The effect of topical CsA in psoriasis has been investigated because of the dose-related side- 
effects of systemic CsA, particularly its nephrotoxicity. Previous studies on topical CsA in psoriasis failed 
to observe any clinical response,®~!° but conversely, Powles ez a/.'' have shown that intralesional injections 
of CsA may generate a local but not a systemic antipsoriatic effect. 

We report the results of a bilateral comparison of topically applied CsA with placebo, using higher 
concentrations of CsA than in previous studies and applied under occlusion. This study on six patients 
with chronic plaque psoriasis had local ethical committee approval. The oral solution of CsA 
(Sandimmune®, Sandoz Ltd, Basle, Switzerland) was made up of 5%; w/w in Decoderm ointment base* 
(Merck, Darmstadt, F.R.G.) and applied under plastic film occlusion to plaques of psoriasis for 6 h/day 
over 2-3 weeks. The placebo ointment containing only the solvent of CsA in the same vehicle was applied 
under identical conditions to corresponding lesions on the opposite side of the body. The lesions were 
scored for erythema, plaque thickness, and scaling on a 0-3 point scale at weekly intervals. Since the most 
sensitive indicators of the effect of systemic CsA on psoriatic lesions are the reduction of the cell infiltrate 
and the decrease of epidermal mitoses 1 week after onset of therapy,’ we monitored the possibe topical 
effect of CsA on psoriasis by immunostaining of the cell infiltrate (Leu 1, Leu 2, Leu 3, CD22, HLA-DR, 
OKT6) and by autoradiography using the in vitro double labelling technique with (*H]- and [!4C]- 
thymidine. The CsA level in pooled skin from treated lesions was measured using the standarized 
polyclonal radioimmunoassay-kit (Sandoz Ltd) in skin extracts. Before measurement the horny and upper 
layers of the epidermis were removed by a scalpel in order to measure only CsA absorbed in the lower 
epidermis and dermis. 

One week after the onset of therapy the CsA concentration in CsA treated lesions was 3880 ng/g tissue 
wet weight. This equals the concentration in psoriatic lesions after 7 days of systemic therapy, which has 
been found to be 1-1 + 0-3 ng/ug DNA.'? All CsA treated lesions showed a marked decrease in the number 
of infiltrating neutrophils in the epidermis and adjacent papillary dermis. The mean+SD of the 
pretreatment number of neutrophils per high power field was 8-2 + 8-o for the epidermis and 14:2 + 10-2 
for the papillary dermis, respectively, compared with 47 4-4 and §-7+ 4:8 in CsA-treated lesions and 
8-Oo+7°6 and 12°§ + 13:6 in placebo-treated lesions (n= 6 patients; P<o-o§5 using the 2-way Wilcoxon 
matched-pairs signed-rank test). The mononuclear cells of the epidermis, in particular the helper/ 
suppressor T-cell ratio, were not affected. In spite of these results none of the six patients showed any 
specific clinical effect with CsA-treated lesions compared with control lesions. Side-effects were not 
observed. We also failed to demonstrate any effect of topical CsA on epidermal growth kinetics, at least not 
on the labelling index and the S-phase duration. 

Our results show that topical CsA was absorbed in adequate quantities into the deeper epidermis and 
upper dermis and induced a biological response as shown by the decrease of neutrophils. However, the 
pathogenetic events responsible for inflammation and epidermal hyperplasia in psoriasis were not altered, 
and mononuclear cell infiltrates and epidermal kinetics remained unaffected. Apparently, the selective 
inhibitory effect on the neutrophils was not potent enough to clear the lesions. It may be that the absorption 
of topically applied CsA into the skin did not reach its biological target (vessels 7) in adequate 
concentrations, or that intraepidermal metabolism of CsA differs considerably from that in the liver. CsA is 
extensively metabolized in the liver by P450-dependent enzymes and it has been suggested that the 
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metabolites 17 and 1 contribute to im=nunosuppression ` Merhaps-topical therapy with these metabolites 
should be tried. 
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Premenstrual exacerbation.«f atopic dermatitis: 
autoimmune progesterene dermatitis? 


Str, Dr Kemmett' observed premensteua, exacerbation 2¢ atopic dermatitis in a significant namber of his 
patients but was unaware of previous seports of this pheaomenon. Perimenstrusi exacerbation of atopic 
dermatitis may be confused with autoimmune pregestero-e Germatitis.? This is a relatively rare disorder 
with only 25 cases having been described. Though it is sual in this condition for the rash to disappear 
completely during the follicular phase of the menstrual vecle, persistent disease with perimenstrual flare 
has been reported.? 

We have treated two such patients both of whom, iec ether cases in the literature, demonstrated 
sensitivity to intradermally administered agueeus proge terene. It would be Important to exclude this 
diagnosis in the group of women with premeastraal flare soge ovulation suppression? provides an effective 
means of treating this distressing probiem. 
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Sneddon’s syndrome and primary anti-phospholipid syndrome (PAPS) 


Sir, The recent paper on Sneddon’s syndrome by Grattan et al.! reports a patient with a long history of 
livedo reticularis complicated by a syndrome of painful leg ulcers, purpura and scarring. These are the 
typical features of livedo reticularis and atrophie blanche. She also developed incipient gangrene of a toe 
and transient ischaemic attacks. All the immunological tests in this patient with the exception of antibodies 
to cardiolipin and cryoglobulins were negative. 

We have recently attempted to define particular subsets of patients demonstrating antiphospholipid 
antibodies,’ who additionally manifest one or other features of the antiphospholipid syndrome, namely 
venous/arterial thromboses that may be accompanied by thrombocytopenia and less frequently by a 
positive Coomb’s test or with frank haemolytic anaemia. Recurrent foetal loss from thrombotic occlusion 
of placental vessels occurs in many, and a small placenta may be indicative of some other aetiopathogenesis. 
Patients with a ‘primary’ antiphospholipid syndrome (PAPS), into which subset this patient appears to 
fall, are characterized by none of the major clinical manifestations of systemic lupus erythematosus such as 
skin rashes and photosensitivity, polyserositis, renal or non-cerebrovascular involvement. They do not 
have any of the acute features of SLE. They may frequently complain of arthralgias, which do not progress 
to arthritis, or migraines. The accent of their illness is on blood vessels, with all the attendant 
complications. Thus, deep vein thromboses, pulmonary thromboembolism, a variety of arterial 
occlusions, multi-infarct dementia as well as livedo reticularis may occur, just as in the antiphospholipid 
syndrome associated with full-blown SLE. 

In our large multicentre study,’ we sometimes found a family history of connective tissue disorders and 
that these patients might demonstrate a positive rheumatoid factor, cryoglobulins as well as have a false- 
positive test for syphilis (VDRL). The features of this syndrome have also been documented by others.*"° 
The second subset includes patients with ‘lupus-like’ disease, really a variant of lupus itself, who do not 
demonstrate four or more criteria for the diagnosis of SLE, as advised by the 1982 Committee,° but have 
lupus rashes of one kind or another and other clinical features of SLE. 

It now seems clear that those patients previously referred to as Sneddon’s syndrome’ should be termed 
PAPS, if antiphospholipid antibodies are present. The term Sneddon’s syndrome should be reserved for 
the majority of these patients who do not have antiphospholipid antibodies.*" 
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Hand erythema due te infusios of svmpathomimetics 


SIR, We wish to report a case of erythema of the hand: due =) aa _nfusion of a sympathomimetic drug. A 29- 
year-old pregnant female, was in premacure labcur ard w= ‘reaced with an infusion of Albuterol 25 mg per 
day. Twenty-four hours after the onset of treavmen: wita thes drug, erythema of both palms was noted, 
which was patchy and only seen in places where glomus aodies are known to be abundant (Fig. 1).' The 
erythema regressed gradually after st Pping the drug. The case suggests that p 2-adrenoreceptors are 
present in glomus bodies 
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FIGURE 1. Volar hand erythema; the erythema is patchy and is lecare! at plazes where glomus bodies are known to be 
found. 
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Clinical and subclinical HSV infection resulting from exposure to asymptomatic patients 


Sir, We report a case that exemplifies clinical and subclinical reinfection with herpes simplex virus (HSV) 
following exposure to a lesion-free partner, and the association of reinfection with reactivation of latent 
HSV. 

A 28-year-old sexually active Caucasian woman was diagnosed as having a HSV infection in January 
1987 and was treated with a 10-day course of oral acyclovir, 2g daily. The diagnosis of primary HSV type 2 
(HSV-2) was confirmed serologically and sera obtained at the first visit and 3 weeks later were assayed for 
HSV-specific antibody using the highly sensitive antibody-typing multiplicity-analysis neutralization 
assay.! Antibody specific for HSV-2 was detected only in the convalescent serum. Both sera were negative 
for HSV type 1 (HSV-1) antibody. 

When she was seen 2 months later the patient was free of clinical symptoms but still positive for antibody 
only to HSV-2z. Her fiancé, who had no history of oral or genital HSV infections or other STD was 
seropositive only for HSV-1. 

Three months later the patient experienced an anal tear following a water-skiing accident, without 
extension or trauma to the vagina. Before the rectal abrasions had completely healed, the couple engaged in 
oral and genital intercourse without the use of prophylactics. Five days later, the patient noticed a severe 
vulvo~—vaginal rash, reminiscent of her first HSV episode, and returned to the clinic. This second episode 
involved both the pubic and perineal areas with ruptured vesicles particularly near the clitoris. The 
introitus and vagina were very inflamed. Fluid from 15 vesicles was cultured for virus and seven isolates 
obtained and typed with monoclonal antibodies specific for HSV-1 and HSV-2 (Syva Microtrak, Palo 
Alto, CA, U.S.A.). Two were HSV-1, one HSV-2 and four were a mixture of HSV-1 and HSV-2 (Table 
1). Twelve plaque-purified isolates obtained from these latter four samples stained as HSV-1 (eight 
isolates) or HSV-2 (four isolates), consistent with the interpretation that clinical symptoms were due to a 
mixed infection with HSV-1 and HSV-2, Serum obtained at this time was positive only for presence of 
HSV-2 antibody, whereas serum obtained 4 weeks later had antibody to both HSV-2 and HSV-1. The 
partner’s serum was positive only for HSV-1 antibody. 

The couple was seen again 7 months later and during this period there were no genital or oral lesions and 
they claimed to have had no other sexual partners. At this visit, the patient’s partner demonstrated 
seroconversion to HSV-2 antibody indicative of subclinical infection with HSV-2. 

There has been a significant increase in the incidence and prevalence of HSV infections during the last 
two decades.” Primary infection often occurs following exposure to asymptomatic individuals. Reinfection 
is not well recognized, and its risk and clinical outcome as well as its potential effect on a previously 
established latent HSV infection remain unclear. Experimental HSV reinfection in the presence of 
apparently normal virus-specific immunity has been described? and HSV-1 or HSV-2 were isolated from 
different recurrent episodes at the same site.* In rare cases both HSV-1 and HSV-2 were simultaneously 
isolated from genital lesions* but the source and temporal relationship of infection with the two HSV types 
were not clearly established. 

This couple demonstrated both clinical and subclinical infection resulting from exposure to 
asymptomatic patients, and trauma-related reinfection apparently accompanied by reactivation of the 
initial latent virus and resulting in severe clinical symptoms. Our findings suggest that immunity 
characterized by the presence of HSV-specific neutralizing antibody, does not protect from subsequent 
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reinfection with the heterologous HSV type, Addmional ©. weind that reinfection can be asymptomatic or 
it can be associated with severe sympioms, not unlike those seen during the primary HSV-2 infection. 
Conclusive proof that the HSV-2 isolated om the puuent’s second episode is the same as that in the 
primary infection, and that the HSV-: is the same as thet other sexual parmer would require restriction 
enzyme fingerprinting of viral DNA extracted from the different isolates. Nevertheless, it seems 
reasonable to assume that the HSV-2 im the second disease e musode was of endogenous origin (reactivated 


virus), since the partner was HSV-2 seronegative and toe couple were monogamous. Based on the same 
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criteria, we assume that the HSV-1 infection was acquired “ror 
the trauma-induced skin abrasions hac healed, is consisent with this interpretation. Presumably the 
increased risk of reinfection, the severity of the lesions andthe reactivation of the latent HSV-2 are related 
to the local trauma, since trauma was shown to cause a sigrfican: reduction in the titre of virus required to 
cause severe and/or lethal HSV infecnons.” Additional’. lecal trauma has been associated with the 
induction of suppressor T (T's) lymphocytes and suppressor factors that mediate decreased resistance to 
cutaneous infection, and Ts-mediatec inhibition of ESV-speciñe CMI responses was shown to 
accompany HSV reactivation and recurrent disease.’ Hovecver,our findings cannot differentiate between 
the contribution of the loca! traumaand that cf HSV-1 reincectton to the apparent reactivation of the latent 
HSV-2. Consistent with our previous suggestion,” the ccasple provides compelling evidence that 
infection/reinfection is not a rare event and often results fom exposure to asymptomatic virus shedders. 


Aer partner. The history of oral sex before 
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Spontaneous regression of infantile digital fibromatosis 


Sir, I read with interest the case report by Ishii and colleagues of infantile digital fibromatosis in which 
spontaneous regression was beautifully illustrated.’ I agree with the authors that spontaneous regression 
with time is the rule, and have previously reported further evidence of this.* In addition to the case of Ishii 
and colleagues and the five cited by them, among our 30 cases we described one with spontaneous 
regression and found 15 in the literature. The importance of these observations lies in the fact that although 
recurrences may be alarmingly rapid, large and aggressive, extending down to periosteum, treatment 
should be conservative. As metastasis has not been recorded, the amputations sometimes performed in the 
past (38 of 115 cases to 19857) can no longer be justified. 
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Necrotizing vasculitis and severe athe-osclerosis: resolution of the vasculitis following 
surgers 


SIR, We were interested in the recen report by Alege and Wink!emann' in which five patients were 
described with severe atherosclerosis aad a aeceotizing vesculitis and which suggested that the relationship 
between the two disorders changes and exacerbates the conical and pathological expression of each disease. 
Recently we observed such an asseciation where toe vasculitis revealed the existence of severe 
atherosclerosis in both lower limbs 

A 65-year-old woman was seen in March 19€8 with mæ tiple, small-ulcerated lesions and erythematous 
purpuric papules on the lower legs (Fæ. 1. Tae lesion: rapidly developec into areas of necrosis and the 
patient suffered a considerable amount of pain. A biops showed a small vessel leucocytoclastic vasculitis 
with fibrinoid necrosis and fibrohyalinosis and-an arteri s obliterans of the deeper vessels. There was no 
evidence of cholesterol microemboliza‘ion and inve:tigesions revealed no signs of infection or of collagen 
diseases and neoplasia. There was no iatrogenic cause fœ the vasculitis. Artenography of the lower limbs 
showed thromboses of the left superficial meral end =pliteal arteries and in the right leg diffuse and 
severe atheroma of the iliac and femoral arteries and emb» i at the level of the superficial femoral and tibial 
arteries. A left femoral to anterior tibia artery bypass w= performed, using the in situ saphenous vein as a 
graft. Operative arteriography confirmed the patency c the graft and a Satisfactory distal anastamosis. 
Post-operatively the patient was startec on antieoagulan® with initially intravenous heparin and later with 
a coumarine derivative. Within 2 weeks following the op» ation there was a dramatic improvement of the 
vasculitis (Fig. 2) and marked relief of her pain. S = months afterwards the patient was still on 
anticoagulant therapy, but there was no recurrence of be = vasculitis 





FIGURE 1. Multiple small ulcerated lesion. on the |oerer legs associated with purpuric papules. 
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FIGURE 2. Resolution of the vasculitis, 20 days after surgery. 


This case emphasizes that a necrotizing vasculitis can reveal severe and complicated atherosclerosis and 
where possible, rapid surgical treatment can arrest the development of the vasculitis. 
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Cyclosporin A for treatment of severe lichen planus 


Sir, There is evidence that lichen planus (LP) is associated with an alteration of a cell-mediated immune 
response’ and that the majority of the infiltrating mononuclear cells in the dermis are CD,4* and CD1*.? 
Lichen planus-like eruptions are commonly seen in bone marrow transplant patients with graft-versus- 
host reactions.* 
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We have studied eight patients (seven malz, one female: with severe, extensive LP with recent onset and 
who have been treated over a short verice of time wah cral cyclosporin (CyA). The patients had no 
previous history of neoplastic disorders and there was a= clirtical evidence of any active infections. They 
had not received any other systemic trestment for a least 2 months, and had not used any topical 
treatments apart from emollients in the 2 weeks prior we therapy with CyA. Before treatment the blood 
pressure, blood creatinine, serum electrolvtes and fiver function tests were determined, as well as a full 
blood count, and these were all norma’. The CrA was given orally orce a day, and the dose and duration of 
treatment with this drug for each patient are shown in Tabie r. Theplasma cyclosporin concentration was 
determined by the Sandoz radioimmunoassay as a piasme trough level 12 h after the last dose, and this was 
measured each week. At clearance of the lesions or after < weeks, therapy was discontinued and all patients 
were examined monthly for up to 6 months after stoppamg che drug to determine whether their LP had 
recurred. 

Seven of the 8 LP patients were clear of their lesions en axcse of CyA of 3 mg/kg per day. The time for 
resolution of their lesions varied from 10 days to 3 weeks. beta significant improvement was seen within 
1-2 weeks. In only one patient with s dose producing » Cy trough level of less than roc ng/ml was it 
ineffective, but in this patient an increase in rhe dose from 3 te 5 mg/kg per day produced an improvement. 
However, we could not evaluate this beczuse of some loss of renal function and hypertension. This 
necessitated stopping treatment. Other reversible advers: effects in our patients were hypertriglyceridemia 
and nausea. Several patients had transitory deterioraties of renal function with some elevation of their 
creatinine and blood urea levels and their creatinine clez-annes. 

Cyclosporin has been used for a nuraber of skin disordirs,iacluding not only psoriasis* but ichthyosis, 
pemphigus, Behcet’s disease, mycosis fungoides, systemic iupus erythematosus and alopecia areata.*° 




















TABLE 1. Chimico] profiles in patients wita LP treated with CyA 
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Area of CYA 
involvement desage T me far Follow-up 
Patients Age Sex to mgka per dey ches ni rep te 6 months Side-effects 
I 27 M 30 3 2 weeks Remission with None 
topical steroid 
2 50 M 40 3 2 meek: Remission with Increase m 
tar triglyceride 
levels 
3 50 M 30 % 2 weeks Remission with None 
UCVA+E 
4 50 M 30 2 boncdays Remission None 
5 30 M 25 3 _ — Creatininaemia, 
hypertriglyceridaemia 
6 62 F 20 3 3 weeks Remission Mild nausea 
7 61 M I5 3 & days: Remission None 
8 64 M 40 3 7 das. Remission with None 


topical steroid 
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However, we have found only one report ofits use in LF, «athe treatment of oral erosive lesions.’ In our 
study, we have found that CyA is an efective agent for te treatment of severe LP over a short period of 
time. The remission induced by CyA can thea be maintained alter stopping the drug with other treatments 
such as topical steriods. 
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Book Reviews 


Oxford Handbook of Clinical $ 
Oxford University Press. Pp. 787 1 






ecialities. J.A B COLLIER AND JN 
N o-1¢-261816-4. Price £ 10-95. 


-LONGMORE (1989). Oxford: 








This is the second edition of this text which aims to #ssist junior medical students by being a portable 
reference, to gain more from their clinical experiences. General practice trainees are another group who, 
moving rapidly from one speciality to another, may fisd this book useful. 

It is divided into 1c chapters comprising obstetrics, gynaecology, paediatrics, psychiatry, general 
practice, opthalmology, E.N.T., dermatology, orthossedics and eponymous syndromes. Each topic 
usually has a page devoted to it and sae comprehensive index together with indexing at the beginning of 
each chapter make for quick reference. A large nuraber ef blank pages are provided (approx 300) to allow 
the reader to make their own notes and attach the ursiate boxes produced monthly in the B.M.J. in 
conjunction with Oxford University Press, 

The dermatology chapter is shert at only 29 pages and as the authors accept it needs to be used in 
conjunction with clinical experience cr a goot atia! of dermatology. Indeed it is so short as to be of little 
value except to a junior medical student prior to Startiag their dermatology attachment. Had there been 
more detail as in other chapters, with more emphasis omm anagement and attention given to prescribing, it 
would provide a better reference facility. I was pleasantis surprised though to find a whole page devoted to 
graduated support hosiery. Included n this were usei tips on prescribing and as a reference page this 
must surely be the best in this chapter. 

The bulk of the book is well presented, with diagrams~where they will help, and crisp presentation of the 
information. Much detail has gone into most 0° the chapters and nearly all topics are well-covered. On the 
whole I think the book has achieved its aim. It does not aun to he = eomprenensive reference as this would 
involve a vast increase in size thus loosing the abiity sc fit in a white coat pocket. I would personally 
consider it an additional book rather then a substituce for one of the standard references either on 
specialities or individual subjects. At {10-95 it s not expensive anc for a junior doctor sitting in casualty or 
in the labour ward late at night it wil! provide a comformng bulge in their pocket. 

W.PERKINS 


A Colour Atlas of AIDS in the Tropics. M.A. Ansary, S.K.Hira, C.CHINTU AND 
S.L.Nyaywa (1989). London: Wolfe Medical Publicatices Led. SBN 0-7234-1567-6. Price. £35.00. 


This is a beautifully illustrated hardbacx atlas inthe Wolt series. It contains a wealth of at times disturbing 
photographic material and is predomirantly clonical. The range o° problems which may affect the AIDS 
sufferer in tropical countries is quite semarkable. The sook is thoroughly recommended as a probably 
unique and relatively inexpensive source of meteria in zns expanding field. 

R.M.MacKie 
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News and Notices 


British Dermatological Surgery Group 
Advanced Dermatological Surgery Workshop 


The British Dermatological Surgery Group have organized a 2-day workshop in dermatological surgery §- 
6 July, 1990, in Newcastle upon Tyne. This is for dermatologists interested in obtaining experience in the 
surgical aspect of the speciality and preference will be given to those who have previously attended one of 
the more basic skin surgery workshops. The topics that will be covered include, anatomy of the head and 
neck with cadaver specimens, skin grafting with pig’s skin, Mohs surgery, repairs on the nose, mistakes and 
how to avoid them, liposuction, collagen implants, sclerotherapy, nail surgery and face peels. The lecturers 
will include Dr Larry Field, Professor of Dermatologic Surgery of the University of California who is the 
first holder of a Travelling Professorship of the International Society of Dermatological Surgery. The 
course fee is £180 which will include meals and accommodation provided in a University Hall of 
Residence. For further information please contact Mrs Ann Winstanley, Department of Dermatology, 
Royal Victoria Infirmary, Newcastle upon Tyne NEr 4LP, U.K. 


British Society for Paediatric Dermatology 
16 February 1990 


A 1-day symposium on Atopic Eczema will be held at the Institute of Child Health in London on 16 
February 1990. For further details contact Dr John Harper, Department of Dermatology, the Hospital for 
Sick Children, Great Ormond Street, London WCIN 3]JH. 


8th International Symposium on Bioengineering and the Skin 
Stresa, Italy 13-16 June 1990 


The 8th International Symposium on Bioengineering and the Skin is to be held at Stresa, Lake Maggiore, 
Italy on 13-16 June 1990. The local organisers are G.Rabbiosi, S.Sacchi, G.Borroni and E.Berardesca of 
the Department of Dermatology, University of Pavia, 27100 Pavia, Italy. 

Dermatologists, pharmacologists, plastic surgeons, cosmetic chemists and other scientists will discuss 
the technologies and methods for the non-invasive evaluation of skin physiology, pathology, therapy and 
skin product assessment. The deadline for abstracts is 31 January 1990. Abstracts should be typed on A4 
paper with a one inch margin on the left, and should include title, author’s name and affiliation and should 
not exceed 300 words. Abstracts should be sent to Dr Jorgen Serup, Department of Dermatology, 
Rigshospitalet H 5132, 9 Blegdamsvej, 2100 Copenhagen, Denmark, or to Dr Randy Wickett, 
S.C.Johnson and Son, 1520 Howe Street, Racine WI 53403-5011, U.S.A. 
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SUMMARY 


The expression of CR3 by murine-resting epidermal Langerhans cells (LC) is well established, 
but CR3 expression by human normal-resting epidermal LC has not yet been demonstrated. In 
this study, highly sensitive immunostaining techniques, such as immunogold labelling in 
transmission- and scanning-electron microscopy, were used on freshly isolated, LC-enriched, 
normal human epidermal cells. Human normal resting epidermal LC were found to be CR3”, 
since a low but significant number of gold granules labelled the plasma membrane of all the LC 
observed under transmission-electron microscopy, and all the epidermal cells showing LC 
morphology as observed by scanning-electron microscopy. 


The type 3 complement receptor (CR3), which is the cell surface receptor for the complement 
cleavage product C3bi,! is a heterodimer composed of an unique -subunit of 165 kDa non- 
covalently associated to a f-subunit of 95 kDa, the latter being shared by two other heterodimers 
belonging to the same glycoprotein family.’ 

It is now clear that murine-resting epidermal Langerhans cells (LC) express CR3.°'* In man 
however, the expression of CR3 by resting epidermal LC has not yet been demonstrated. 
CD1a* mononuclear cells, isolated from human bone marrow,” cord blood® or from the blood 
of burns patients,’ and thought to represent LC precursors, are CR3*. In histiocytosis X, which 
is known to represent a proliferative disorder of cells of LC lineage,” the cells C(HXC) are 
CR3*.°-!? The majority of studies, especially those based upon immunohistology, suggest that 
human normal-resting epidermal LC are CR3~ 21011 33-15 

In this study we investigated CR3 expression by human normal-resting epidermal LC, by 
using highly sensitive immunostaining procedures such as pre-embedding immunogold 


-n techniques both on transmission-electron microscopy (IG-TEMY®!7 and with scanning- 
> electron microscopy (IG-SEM).'® 


Correspondence: Dr Giuseppe De Panfilis, Clinica Dermatologica Universita’, via Gramsci 14, I-43 100 Parma, Italy. 
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. eonoclonal artibocies “mAb used so detect CR3 
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*OW, Oxford Workshop on bumas leawocyte differentiation 
antigens (Oxford, 1984). 


METH ODS 


Normal human skin was obtained frem plastic surgery reduction operations. In situ studies were 
carried out by light (LM) and fluorescence (FM) microscopy and freshly isolated epidermal 
cells were investigated by immuncelectroa micrestopy (IEM). The monoclonal antibodies 
(mAbs) used, detecting the x- or /-subunit of CR3, are listed in Table r. 


In situ studies by LM and FM 

Immunoperoxidase indirect labelling was perforce:d on vertical cryostat skin sections, as 

previously described.'? In the first layer mAbs vere ased, anc in the second layer a peroxidase- 

conjugated goat anti-mouse IgG antiserum (Dakopetts, Glostrup, Denmark) was used. 
Standard FM indirect immunostzinings?” were carried out on epicermal sheets obtained by 

mild trypsinization. In the first layer mAbs were used, anc m the seeond layer a fluorescein- 

conjugated goat anti-mouse IgG antibody (Tago Ine., Burlingame, CA, U.S.A.) was used. 


Fresh isolation of LC 

Suspensions of freshly isolated epicermal cells and LC enrichment were made as previously 
described.*! Briefly, skin slices were trypsinizec: using >25“. trypsin in Hank’s balanced salt 
solution (Gibco, Paisley, Scotland) for 30-45 min et 27°C, amd the sheets were shaken and 
pipetted. The epidermal cell suspersions were centrifi ged, resuspended in RPMI-1640 with 
10°% heat-inactivated fetal calf seram (Gi'sco), laered on a Ficoll-Hypaque gradient, and 
centrifuged. Such a LC enrichment technique achieved 2 gocd degree of purification with about 
1§% of the cells being LC. LC-enriched cells were collected from the interface, and 
resuspended in RPMI-1640 with 1c°., fetal calf serum. 





IG-TEM studies on freshly isolated LC 

LC-enriched, freshly isolated (as above’ epalermal ceils were prefixed with 0-1%, glutaralde- 
hyde, washed in PBS-o-1 °°, bovine serum albumin (Serna, St Louis, MO, U.S.A.), and, after a 
blocking pretreatment with œ2%, sodium azide, r^s bovine seram albumin and 10%, 
decomplemented human AB serum, incubated with mks. Ar 5-nm sized gold-conjugated goat 
anti-mouse Ig antibody (Janssen Pharmaceutica, Boerse, Belgium) was used as a secondary 
antibody, as previously described.!” Samples were sre pared fartransnaission-electron micros- 
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copy studies by fixation in 1°% glutaraldehyde, packaging in Bacto-Agar (Difco Laboratories, 
Detroit, MI, U.S.A.), post-fixation in potassium ferrocyanide-reduced osmium tetroxide, 
dehydration in acetone, embedding in Durcupan ACM (Fluka, Buchs, Switzerland), sectioning 
by a LKB III ultramicrotome, and examination with a Philips EM 300 electron microscope. 

The density per cell section (midplane) of gold particles bound to the plasma membrane of 
LC labelled with the mAbs detecting the CR3 subunits was evaluated, assuming 50 LC per 
mAb. 





FIGURE 1. CR3* Langerhans cell. Immunolabelling with 60-1 mAb and 15 nm gold particles in IG- 
TEM. The arrows indicate the gold particles along the cell surface; the arrowheads indicate the Birbeck 
granules within the cytoplasm ( x 16 800). 
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IG-SEM studies on freshly isolated LC 

LC-enriched, freshly isolated epicerma! cells were placed on 01°, poly-1-lysine-pretreated 
glass coverslips, prefixed with o-2' , glutaraldehyde. subjected to a blocking pretreatment as 
above, incubated with mAbs in the first layer, and with a 40-nm sized gold-conjugated goat anti- 
mouse Ig antibody (Janssen) in the second layer '* Aster >ost-fixation in 2°, glutaraldehyde, the 
samples were dehydrated, critical-point dried from ~O,-and coated with evaporated carbon (20 
nm). The samples were then examined by £ Philips 505 -canning-electron microscepe, capable 
not only of secondary electron imaging (SETI) detection, but also equipped with a 4-scintillator 





FIGURE 2. CR3* Langerhans cell. Immunokabel ing with acti-C=bi mAband 1$ nm gold particles in IG- 
TEM. The arrows indicate the gold particles aleng the cel surface; the wrrowheads indicate the Birbeck 
granules within the cytoplasm ( x 15 490). Inse= high masnificstion, showing Birbeck granules in the 
cytoplasm and one gold particle on the surface ( x 46 200° 
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type backscattered electron imaging (BEI) detector. Both secondary and backscattered electron 
signals were detected; reverse signal polarity was used for the BEI observations. '* 


Positive controls 

The positive controls were performed using anti-CD1a mAbs instead of the anti-CR3 mAbs, 
both in LM/FM and in IG-TEM/IG-SEM. A blocking pre-incubation with anti-CD1a was 
performed both im situ (by LM and FM) and on freshly isolated, LC-enriched, epidermal cells 
(in IG-TEM and in IG-SEM), before incubating by anti-CR3 mAbs. To positively control the 
anti-CR3 mAbs, im situ LM and FM experiments were performed on normal human lymph 
node;?? and the IG-TEM and IG-SEM methods were carried out on normal peripheral blood 
mononuclear cells, to detect the CR3 «-subunit positivity of monocytes, large granular 
lymphocytes and of a small subset of CD8 lymphocytes, and the f-subunit positivity of most 





FIGURE 3. Negative staining (control for method specificity) of a Langerhans cell. Immunolabelling with 
mouse unreactive Ig of appropriate isotype instead of mAbs, in IG-TEM. No gold particles are visible 
along the cell surface; the arrowheads indicate the Birbeck granules within the cytoplasm ( x 16 800). 
Inset: high magnification showing Birbeck granules in the cytoplasm ( x 50 400). 
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peripheral blood mononuclear cells. Finally, anan sem 1G-TEM techmique previously described 
by us??:?4 was applied to normal skin sectuons to verify the CR3 positivity of LC im situ. 





Negative controis 

The specificity of the double-step procedures, perfecmed in LM, FM, IG-TEM and IG-SEM, 
was assessed by: (i) inhibiting the labeling by pre-acubation, before the conjugated goat anti- 
mouse Ig antibody (second step), with an umcor ugat ec goat antemouse Ig antibody; (11) 
omitting the mAb (first step); (iii: substatut mg the muAbs (firststep) by a mouse-unreactive Ig of 
appropriate isotype. 








RESULTS 


Immunolabellings by LM and Fit 
Both on vertical cryostat skin sections and en epidermal sheets, only a few dendritic epidermal 
cells were faintly visualized. 


Immunolabelling of LC by IG-TEM 

With transmission-electron microscopy (Figs p, 2 and 3) labelling was detected with variable 
numbers of gold particles apposed te the plasma mem brane ‘Figs 1 amc 2), A cell was considered 
positive when at least three gold particles w=re attached to the cell surface per section.’* All the 
mAbs, both the anti-CR3 a-subunit (feur) mAbs and the anti-CR3 f-subunit (one) mAb, 
stained all the observed Birbeck grariules-bearing LE, althoughthe number of gold granules per 
LC section (midplane) varied ‘Tabie 2). Evalustion of the labelling showed that the LC were 
both CR3 a-subunit-positive (gold particles per LO section 7-5 + 9-5; n= 200), and CR3 $- 
subunit-positive (gold particles per LC section 8-0 z <j 4; n= 59). However, lower numbers of 
gold particles were observed on the surface cf the CR3 ` LC,ascompared to CDra* control LC, 
as previously found. 16} 77t24 The keranmecytes were CR3 ~. 


Immunolabelling of LC oy IG-SEM 
In the SEI mode, cells showing the morphological characteristic of keratinocytes were negative, 
whilst cells showing the morphology of LC were beth CR3 2-subumit- (Fig. 4a) and CR3 $- 


TABLE 2, Quanttative eva aation (mean- 

+ standard devietionyin Jer TEM of cal- 

ləidal gold graneles limkecco the surface 

of LC midplane stamed with anti-CR = 
mAbs (50 DC/muab? 





Namber af 


mép gold granules 
D-12 ygt FB 
Vimi G4 r3 
Ante. sbi i294 35% 
60-3 Bot 44 





CR} receptor expresston in LC 133 





FIGURE 4. CR3 positive Langerhans cell. Immunolabelling with D-12 mAb and 40 nm gold particles in 
1G-SEM. (a) SEI mode. The morphological details of the Langerhans cell are clear. Gold particles (white 
dots) are faintly visible, on the cell surface ( x 6300). (b) BEI mode; reversed signal polarity showing the 
same Langerhans cell as in (a). Although the structural details of the surface morphology cannot be seen, 
gold particles (black dots) are clearly visible ( x 6300). 


subunit-positive, with numerous gold particles evenly distributed as white dots on the cell 
surface (Fig. 4a). However, gold particles were more easily detectable in the BEI mode with 
reversed signal polarity as black dots (Fig. 4b), confirming their CR3 positivity. 


Controls 
All the immunostainings showed CD1a-positivity of dendritic epidermal cells (LM and FM) 
and of Birbeck granules bearing LC (IG-TEM and IG-SEM). The pre-incubation with anti- 
CD1a mAb did not block the reactivity of anti-CR3 mAbs with LC. Positive controls using 
sections of normal human lymph node (LM and FM) or peripheral blood mononuclear cells 
(IG-TEM and IG-SEM) were positive, since anti-CR3 f-subunit mAb stained most 
mononuclear cells, whereas anti-CR3 «-subunit mAbs stained only monocytes, large granular 
lymphocytes and a small subset of lymphocytes.*° 

The in situ pre-embedding IG-TEM control technique confirmed the CR3 positivity of LC 
on vertical sections of normal human skin, as recently reported by us.*’ All the controls for the 
specificity of the two layers procedures, both in LM/FM and in IG-TEM/IG-SEM, gave 
negative results (Fig. 3). 


DISCUSSION 


Our results show that freshly isolated human epidermal LC express not only the CR3 /-subunit, 
which is not exclusive for CR3,* but also the highly CR3-specific -subunit of the CR3 
heterodimer, thus confirming and extending our previous results.7* We confirmed CR3 
positivity of LC on skin sections by means of im situ IEM.*" Previous immunohistological 
studies showed that 30%, of dendritic EC were weakly reactive to the anti-CR3 4-subunit,”” and 
that under culture conditions CR3 remained on LC.*° However, we are the first to clearly show 
CR3 expression by virtually all human epidermal resting LC both in situ*’ and when freshly 
isolated.** 
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Failure to detect CR3* dendrit:c cells on sections of normal human skin may be due to the 
relatively few CR3 molecules present on LC cf normal haman epidermis. In this study, when 
methods of relatively low sensitivity were asec, such as LM and FM immunostaining of frozen 
sections and of epidermal sheets, only feint staining of a few dendritic cells was observed. 
However, the IG-TEM method anableé detection of significant numbers of gold particles 
bound to the CR3* LC membrane, although less than seen on CDra* control LC.!6!7-21.24 
This relatively limited number of gold particles mey be due to a weak CR3 expression by LC, 
since the number of antigenic sites may be correlated to the number of gold particles bound to 
the plasma membrane.*! However, the censry of gold granules “7-5 +9-5 particles per LC 
section) was sufficient to confirm the CR3 posit-vityof LC, anc the IG-SEM methed revealed a 
considerable number of gold granules over the ent re surface of LC. 

The conventional immunocytochemice! methods which were unable to detect CR3 ex- 
pression by LC also failed to reveal CD4 expressien by LC in the same samples,'°!! whilst 
more sensitive methods demonstrated CD4 positwity of LC.16?! 32.33 The number of the 
CD4* LC detected rose as the sensitivity af the methods mmcreased from one-step or two-step 
methods on cryostat sections, to 2 four-step method on cryostat sections, to epidermal sheets 
preparations, to in situ IEM.?? 

CR3 and CD4 positivity can be detected on EXC oy methods that fail to show such positivity 
on LC cells.'"-'! Since histiocytosis X represenes a proliferative disorder of LC origin, this may 
be due to an increase in CD4 and CR. 3 2zpressiog. CD 4 expression by LC is weak in normal skin 
but increases in diseased skin,” and probably the degree of the CR3 expression by LC also 
alters according to conditions. 

The precise role played by CR3 on the plasma membrane of LC is still unkown. However, 
since C3 receptor binds C3 sites of immure campiexes, LiC-bound antibody can mediate the 
presentation of antigen to T lymphecytes,** as do ar tigen-specific cell types, such as B cells by 
means of membrane-beund immunoglobulins. Alzo complement receptors can modulate the 
interaction of LC with lymphocytes and other cel] types.’ The migration and the recruitment 
of LC to an inflammatory stimulas couki be du- to the CR3 expression on the plasma 
membrane, as demonstrated for the recruameat of monocytes.” CDra* mononuclear cells 
resembling LC precursors and which showed -nigmtion>~” clearly expressed CR3. CR3 has 
been shown, when suitably ligated, to evoke various features of macrophage activation,*® and 
CR3 may participate in the activation of LC by cytokines. Finally, LC are known to be 
phagocytic and CR3 is known to promote sdherence of C3-opsonized particles to phagocytic 
cells.?° 
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SUMMARY 


Keratinocytes from a I-week-old male infant with junctional epidermolysis bullosa letalis 
(JEBL) were grown tn vitro and then grafted as multi-layered epithelia onto nude mice, to 
investigate whether the defect in the dermo-epidermal cohesiveness in the disease is of 
epidermal and not mesodermal origin. In culture, there was a birefringent ring of cells at the 
edges of the keratinocyte colonies and in places some cells looked as though they had been 
ejected from the periphery of the colony. At confluence, the multi-layered epithelia were easily 
detached from the culture flasks using only mechanical agitation. On microscopy the fully- 
differentiated epithelium on days 21, 30 and 40 after grafting sometimes showed blistering at the 
dermal—epidermal junction. No labelling was noted using a GB3 monoclonal antibody, that 
reacts with normal human keratinocytes in culture and with the dermo—epidermal basement 
membrane zone in normal skin. This indicates that the defect of JEBL may be reproduced in 
culture and also after grafting the cultured epithelia onto a wound without an epidermis. This 
suggests a possible role for the junctional structure recognized by GB3 in dermo—epidermal 
cohesiveness. 


Junctional epidermolysis bullosa letalis JEBL) is a rare, severe genodermatosis characterized 
by a defect in the cohesiveness between connective tissue and epithelium in many tissues, t~? and 
especially the skin.** Blister formation occurs at the dermo—epidermal junction at the lamina 
lucida in relation to abnormal hemidesmosomes.?-'!* Recent studies have demonstrated that 
JEBL is usually correlated with an absence of reactivity using immunofiuorescent techniques 
and a GB3 monoclonal antibody (mAb). This is an antibody that is directed towards a 600 
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kilodalton (kDa) molecular weigh’ protein in the Lenina lucida. '*~'” In this study, keratinocytes 
from a child with JEBL were grown in culture aad grafted onto nude mice to determine the 
reconstruction of the basement membrane zene BMZ) after terminal differentiation of the 
grafted cells. 


METHODS 


Patient 

A 1-week-old male Caucasian infant, the first child of a 20-year-old mother, following a normal 
pregnancy was admitted with severe blistering on the face and the hands. There was no previous 
family history of blistering and the parents were Erst cousins. The blisters were subepidermal 
(Fig. 1a) and electron miscroscory confirmed the diagnos: of JEPRL (Herlitz—Pearson type), 
showing blistering at the lamina lacida w th abno=na! hem:desmosomes and an absence of the 
sub-basal dense plates and there were radimentary attachment plaques (Fig. 2).'* Another 
criterion for JEBL was the absence of reactivity at che BMZ with momoclonal antibody GB3.'° 
Other normal components of the BMZ such «s type IV collagen, laminin, and bullous 
pemphigoid (BP) antigen were detected by indire smmunofiuorescence (IF). No oesophageal 
atresia was detected, but continued bliste-ing of tae skin on the trunk, buttocks, arms and legs 
without healing, eventually led to the cecth of th: child at the age of 8 months. 


Epidermal cell culture 

Human JEBL keratinocyte suspensions were prepared frem suctien-blister roof specimens 
using a standard trypsinization procedure. After centrifugetion the cells were resuspended in 
medium as previously described™ and then seeded onto 313 feeder layers.*' At confluence the 
keratinocytes were trypsinized wth a 1:1 mixtu= of trypsin/ EDTA, then resuspended and 





FIGURE 1. Subepidermal blisters. (1) Secnor of the pavent's skin; (b) section of first-passage cultured 
epidermis after grafting on nude meuse (E. & E , origi sal = 2003. 
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FIGURE 2. Electron microscopy supporting the clinical diagnosis of JEBL, and showing the rudimentary 
attachment plaques and the absence of sub-basal plates. h, hemidesmosomes; b, blisters; ld, lamina densa; 
ll, lamina lucida; d, dermis. Scale bar: o-§ um. 


seeded onto 3T3 feeder layers. The cultures were incubated at 37 C in a 10",, CO, and 100”, 
humidity atmosphere and the medium changed every 2 days. 

Control epidermal cell cultures were prepared from normal skin removed at plastic surgery 
from three adult donors. 


Transplantation 

The grafting method was a modification of that described by Banks-Schlegel and Green.*? In 
each group 21 6-week-old congenitally athymic nude mice (Swiss Nu/Nu, SCCup, IFFA- 
CREDO, Lyon, France) were anaesthetized using intraperitoneal injection of sodium 
pentobarbital 0-4 mg/10 g body weight (Nembutal, Abbot, France). A 14-mm diameter circular 
graft bed was prepared on the dorso-lateral side of each animal with removal of full-thickness 
skin down to the fascia. Following detachment from the flask, the cultured epithelium on sterile 
gauze was placed in contact with the graft bed of the mouse and with the edges under the 
adjacent skin. A hat-shaped plastic capsule was placed over the gauze on the graft and fixed with 
four loose sutures to the surrounding mouse skin. Dressings were used to further secure the 
graft.2* Ten days after grafting, the bandage was cut with scissors and gently removed with 
forceps. After inspection of the graft the site was rebandaged with several inspections carried out 
at various intervals. 


Differentiation studies 

The im vitro reconstituted epithelia from JEBL and from normal control keratinocytes were 
examined at confluence of the secondary cultures. Twenty-one, 30 and 40 days after grafting 
seven mice in the group were killed and after removal of the dressing, capsule and gauze, the 
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grafted zone was then excised with the surrousding mouse skin to determine the junction 
between the grafted human epithelium and the underly:g tissue. For routine histology, the 
samples were fixed in Boulin’s fixative medium, de hycrated in alcohols, and embedded in 
paraffin. Thick sections were stained with haemateximn—eosin-safran. For indirect IF studies, 
frozen sections were treated with the following antiredies: rabbit polyclonal antibody to type IV 
collagen, diluted 1/100 in PBS (Institut Pasteur, France); rabbit polyclonal antibody to laminin, 
diluted 1/100 in PBS (Institut Pasteur); serum from patients with bullous pemphigoid, diluted 
1/100 in PBS; GB3, a mouse IgG 1 to a 600 kDa protem of the BMZ, unreactive on skin of 
patients with JEBL as previous!» described;'°:!' >” rabbi: polyclenal antibody to involucrin 
(Biomedical Technologies Inc, Stoughten, WI, U.S A.), used because of its human speci- 
ficity.** In each case, the appropriate con-ugate was used in the second step of the reaction. For 
electron microscopy (EM), specimens were fixed in 2°, g-utaraldehyde, post-fixed in osmium 
tetroxide, and embedded in epon resin. Semi-thin sne ultra-thin sections were cut ona Reichert 
Om U 300 ultra-microtome, and sections stained with uranyl acetate and lead citrate and then 
examined in a Phillips EM 300 electron microsc: se.” 


RESULTS 


Cell culture observations 
The plating efficiency was similar whether the cells were from normal or JEBL epidermis. 
Confluence was obtained in the primary zell culmmre within ro days. We noted a reduced time 
when producing the cells in suspension with incabation using trypsin-EDTA in the JEBL 
cultures. This was 3 min as compared wath 15 ma for the controls. 

In primary culture and in the sabcultures, the colonies of JEBL cells seen, using an inverted 
microscope, looked somewhat abnormal with a biret rmgentring at the periphery (Fig. 3a). This 





FIGURE 3. Colonies of cultured hurran keratiaocytes from =) JEBL epidermis and (b) control skin. Note 
the birefringent cells at the periphery of JEBL cell col omic: (arraves) ( x 200 
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feature was observed as early as day 4 in the primary cultures and by day 2 in the subcultures and 
could be related to defective attachment of the cells to the culture flask. This was never noted 
with the control cells (Fig. 3b). Nevertheless JEBL cell confluence was obtained after 7 days in 
subculture. 

The JEBL cell confluent subcultures showed detachment of the reconstituted epithelial 
sheets following only minimal mechanical agitation. This was never observed with the control 
cultures. Detachment of normal keratinocytes grown under similar conditions required 
incubation in dispase for 1 h.?° 


Epithelial sheet observation 
No macroscopic differences could be observed between epithelia grown from JEBL cells and 
control epithelia. 

On light microscopy, the JEBL-cultured epithelium showed the histological features of 
normal cultured human epidermis?° and was composed of 5-8 layers of cells. 

Using immunofluorescence the BP antigen was detected on JEBL epithelia as in the controls, 
whereas GB3 was negative on the JEBL specimens but positive in the controls. 

On electron microscopy the JEBL-reconstituted epithelium was similar to that of normal 
epithelium. No hemidesmosomes were observed in the basal cells as usually seen with cultured 
epithelium.?* l 


Grafted tissus studies 

Macroscopically there was no significant difference between JEBL grafts and the controls. Less 
grafts took in the JEBL group, 15/21 as compared with 19/21 for the controls. No blisters were 
noted on the JEBL epithelial grafts and the Nikolski sign was negative. 

On light microscopy a fully differentiated epidermis was observed as early as 21 days 
following grafting. The dermo—epidermal! junction was linear, and no inflammatory changes 
were observed in the dermis. The findings were similar to those seen in the normal epithelium 
grafted onto nude mice. A lack of adhesion between the epithelium and the underlying 
connective tissue was noted in the JEBL group, with a longitudinal subepidermal split of 
approximately half the length of the grafts. True subepidermal blisters, with a roof constituted 
of a normal-looking epidermis, were noted, with features similar to those observed in the patient 
(Fig. rb). 

On immunofluorescence the JEBL grafts were unreactive when tested with the GB3 
antibody, whereas a linear fluorescent pattern was noted at the dermo—epidermal junction of 
epithelia derived from normal keratinocytes and grafted onto the nude mice (Fig. 4). Laminin, 
type IV collagen and BP antigen could be detected at the normal location in both JEBL grafts 
and in the controls. The grafted epithelia expressed involucrin, which shows the viability of 
human epithelium at 21, 30 and 40 days after grafting and its non-replacement by murine 
epidermal cells. 

Ultrastructural analysis showed a terminal differentiation of the grafted epidermis after 30 
days. Some lipid inclusions were found in the horny layer. The keratohyalin granules appeared 
normal in size and number and membrane-coating granules were also found. The tonofila- 
ments, cell-junctions and desmosomes appeared normal. The basal cells of JEBL-grafted 
epidermis were vacuolated, and unlike the reconstituted normal epidermis, showed a lack of 
hemidesmosomes, lamina densa and anchoring fibrils. An obvious separation was observed 
between the basal layer and the underlying dermis (Figs 5 and 6). 





FIGURE 4. Indirect IF of the junction between graftes «ultur 


reactivity with the mAb GB3. There is an absence of r-activity with a JEBL epithelium and a normal 


linear pattern with (b) control haman culture epidermes sheet at tie dermo—<cpidemal junction (arrow. 
x 400) 


ec epithelia and the murine wound bed. 





FIGURE 5. Electron MIcroscopy Of a section of Day 3c epicermal sheet from comtrol human keratinocytes 


grafted on nude mouse dermis. (b, besal keratimocvtes: H midess 


osome; at, anchoring fibrik d. dermis: 
scale bar 0-375 um). 
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FIGURE 6. Electron microscopy of JEBL cultured epidermis 30 days after grafting: subepidermal blister 
with absence of hemidesmosome (n, nucleus; t, tonofilaments; scale bar, 0'5 um). 


DISCUSSION 


Our studies have shown that keratinocytes from JEBL epidermis may be grown im vitro into 
multi-layered epithelia. These epithelia exhibit both in culture and after grafting onto surgical 
wounds several features that suggest an epithelial origin for the lack of dermo-epidermal 
cohesiveness characteristic of this disease. 

Human epidermal cells can be grown on 3T3 cell-feeder layers into multi-layered epithelia, 
though differentiation is only fully achieved following grafting onto dermal human wounds*°:?* 
or surgical wounds, as in the nude mouse model.*?:?* Under these conditions a dermo- 
epidermal junction, with the presence of type IV collagen, laminin, BP antigen (by IF) and 
hemidesmosomes (by EM), a lamina densa and anchoring fibrils, is usually reconstituted within 
a few weeks after grafting. ?”™ 7774 

In this study, keratinocytes from a patient with JEBL were seeded onto 3T3 cells, and formed 
colonies that allowed the formation of a multi-layered epithelium suitable for grafting and with 
no abnormal in vitro differentiation.*” Evidence of a defective cohesiveness of the cultured cells 
to their substrate was noted. Cultured keratinocytes from the primary culture were resuspended 
after a 3-fold reduced incubation time with trypsin-EDTA solution. Cell colonies were 
surrounded by a peripheral ring of birefringent cultured cells, not noted in the controls. While 
dispase treatment is necessary to detach an intact epithelial sheet from its support, no enzymatic 
treatment was necessary with the JEBL epithelia. Previous studies*® have shown the 
spontaneous formation of blisters im vitro with cultures of JEBL keratinocytes after 14-22 days. 
However, in our studies we did not observe similar blisters. This may have been due to the 
shortened time needed for cells to reach confluence in our system (7 days in subculture). The 
reduced efficiency of grafting may reflect the detachment of JEBL cells im vitro. On examination 
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of the grafted epithelium, a clear dermo-cpiderm:! separation was meted with the formation of 
subepidermal blisters. Ultrastructural observatiens contras:ed with previous studies of the 
reconstitution of the BMZ following the grafts of norma’ cuiturec human epithelia.7°-*?.24 

The epithelia did not express the antigenic determinant as recognized by the MAb GB3 
which is an anti-amnion antibody and reacts wth several epithelial-connective tissue 
junctions. +° In the skin, this I gG 1 antibody is.directed towards a 600kDa protein in the lamina 
lucida. In culture, normal human keratinocytes exhibit a pesitive intracellular staining with 
GB3.'” A defective reactivity with GB 3 was shown in JEBL skin end GB3 has been proposed 
for the prenatal diagnosis of this genoderm atosis.'° Inour stucy, celstrom JEBL epidermis did 
not express the protein detected by G33. It was alsc absent after JEBL epithelia were 
transplanted, in contrast with the reactivity with GB2 at the BMZ when normal reconstructed 
epithelia was used for grafting. This is fartaer evidence that the antigen as detected by GB3 hasa 
role in the pathogenesis of JEBL. 

Finally, JEBL cells were grown in vizre in the absence cf ary human mesenchymal influence 
from the original diseased skin, indicating that this genetic disorder $ epithelial in origin. The 
possibility of additional defects such as abnormalties of fibrcblasts however cannot be 
excluded. This model of lesional keratinocyte cultures, followec by grafting ento a living 
substrate in order to achieve a full differertiation, has been used to ove the ectodermal origin 
of such disorders of keratinization as lamellar ichtivyosis.°’ A similar model represented by cell 
cultures from basal cell suspensions grafted omto a healthy dermis has been used to reproduce 
the epidermal lesions of Hailey—Hailey disease. 757° 
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SUMMARY 


A marked contact photosensitivity (CPS) response to 3,3’,4’,§ tetrachlorosalicylanilide (TCSA) 
plus UVA was induced in mice. Cyclophosphamide (Cy), given prior to sensitization, caused a 
further increase in ear swelling. When UVB radiation was given at a site distant from that used 
for sensitization it caused a dose-related suppression of CPS. Cy did not eliminate the UVB- 
induced suppression. 


There has been considerable interest in the deleterious effects of ultraviolet radiation (UVR), in 
particular UVB (290-320 nm), on the immune system.!'* These effects include a reduction in 
the ability of UVB-irradiated mice to reject highly antigenic UV-induced tumours,** and a 
reduction in the intensity of contact sensitivity (CS)° and contact photosensitivity (CPS) 
reactions.°’’ UVB has been shown to have numerous effects on epidermal cells. It reduces the 
number and function of Langerhans cells® and causes the release of cytokines” and other soluble 
factors’° from damaged epidermal cells. 

When UVB is given at a site distant from that used for contact sensitization in mice, it leads to 
changes in the distribution and function of antigen presenting cells in the spleen! ++? and 
changes in the distribution of activated lymphocytes in the lymph nodes.!? In addition, hapten- 
specific T’-suppressor cells (Ts) have been found in the spleens of mice exposed to UVB before 
sensitization with contact allergens.!* 

We have studied the effects of broad-band UVB on CPS to 3,3’,4’,§ tetrachlorosalicylanilide 
CTCSA) in mice, with the UVB given at a site distant from that used for sensitization. The 
objectives of the study were: to determine whether UVB-induced suppression of CPS was 
dependent on UVB dose, and to determine whether UVB-induced suppression of CPS is 
mediated by a cyclophosphamide (Cy) -sensitive mechanism. 


: G.M.Shrvji, University of Toronto, Division of Dermatology, 100 College Street, Toronto, 
Ontario, MsG ILs, Canada. 
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Animals 
Female BALB/c] mice, 8-10 weeks old, were cbtamed from Jackson Laboratories, Bar Harbor, 
ME, U.S.A. and housed in a light-cycled soom. Tæ treatment groups consisted of a minimum 
of nine to a maximum of 20 animals. 


UVA and UVB sources 

UVA radiation was provided by two Genera’ Electric F20T12 BL fluorescent lamps 
(G.E.Canada). A 3-15 mm thick sheet cf glass was usec to exclude UVB radiation. UVA 
irradiance was measured with an | 570 International Light meter, SEE oro # 750 detector and 
UVA # 339 filter, with half power poinzs 328-276 am International Light Inc., Newburyport, 
MA, U.S.A.). For UVA irradiation, the mice were placed in compartmentalized wire cages 
above the lamps and the radiant intensity was o6 oW jerm? 

The UVB source consisted of «wo FS20T12 fuerescent lamps (National Biclogic Corp., 
Twinsburg, OH, U.S.A.). UVB irradiance wasmeasured with the ILs70 light meter, SEE 240 # 
728 detector and filter # 68, with half power points 274-303 am. For UVB irradiation, the mice 
were placed below the lamps and covered wih a wire mesh screen. The radiant intensity with 
the wire mesh screen was orr mW /cre*. 











Reagents 
TCSA was obtained from Eastman Kodek, Rocnester, NY, U.S.A. Cyclophosphamide (Cy) 
was purchased from Procytox, Mentres], Canada. 


Treatments 

Sensitization and challenge. Mice werz anaesthetized with ethyl ether and 50 yl of 1-0°%, TCSA 
in acetone was applied to a clippec area or the vertral surface. The skin on the ventral surface 
was then exposed to a UVA dose of 3-0 J ‘cen? (day <). This procedure was repeated the next day 
(day 1). On day 7, the mice were challerged on the ears with 10 ulofo 5°, TCSA and exposed to 
6-0 J/cm? of UVA. Ear measurements were taben before challenge and at 24-h intervals 
thereafter for 3 days. 


UVB irradiation. Two days before sensi‘ization aday — 2),groups cf mice were anaesthetized, 
and hair was clipped from a dorsal erea approximately 2 by 2 cm. Ears were protected from UVB 
with black electrical tape. The groups of riice were then irradiated with either IO, 20, 40, 100, 
300, 500 or 1000 mJ/cm? of UVR. 





Controls. One group received no Cy or UVB, bur underwent the normal sensitization and 
challenge protocol. A second group received mo UVB, but received Cy 5 days before 
sensitization, and also underwent challenge. A thisd non-sensitized group received Cy 12 days 
before the standard challenge procedure and a fow-th group received the challenge procedure 
alone. The third and fourth groups were shototozic controls. 








Per cent suppression. 
The per cent suppression induced sy UVE radiatien is caleulated using the following equation: 
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% Suppression = 1 — (2 ~ B) x 100, 
where A is the ear swelling of the group irradiated with UVB before sensitization, B is the ear 
swelling of the non-sensitized (negative control) mice and C is the ear swelling of the control 
group sensitized without UVB irradiation. 


Statistical methods 
The numerical results reported are mean t standard error of mean of 24 h results. Net 


photosensitivity responses are given as the total ear swelling minus the phototoxic control value. 
The statistical analysis for comparison of means was by the Student's t-test and ANOVA test. 


RESULTS 
Standard sensitization 
The standard sensitization procedure showed an ear swelling response of 16-0 +0-7 x 1077 cm. 


Cy given before sensitization resulted in a significant increase to 22°2+1°3x107° cm 
(P < 0-0005). 


UV B-tnduced systermc immune suppression 

UVB irradiation of the back, 2 days before sensitization on the abdomen, reduced the intensity 
of the subsequent ear swelling reaction in a dose-dependent manner (Fig. 1). UVB doses of 10 
and 20 mJ/cm? produced no significant change in ear swelling response from the control 
(P>0-05). However, with UVB doses of 40, 100, 300, 500 and 1000 mJ/cm? there were 
significant dose-related decreases in CPS responses (P <0-05) when compared to control. In 
addition this suppression is shown to be linearly related to the log;, UVB dose (Fig. 2). 
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FIGURE I. Ear swelling measurements as a measure of the suppressive effect of various doses of UVB on 
CPS in mice with or without prior Cy treatment. Shown are the mean increases + standard error of means. 
The mmber of animals for each data point is given. A, Suppression induced at sensrtization; B and G, 
suppression induced by UVB. 
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FIGURE 2. Relationship of log of UVB dese to the suppression of CPS :o TCSA in mice with and without 
prior Cy treatment. 


Effects of cyclophosphamide on UW B-induced syster “MINMRE suppression 

In the Cy treated groups, significant UVE -induces suppression was again first detected with a 
dose of 40 mJ/cm? (P < 0-025). Suppression increased with increasing doses of UVB (Fig. 1) and 
is linearly related to the log,, UWB dose (Pig. 2). Thus, OYB-induced suppression was not 
prevented by prior treatment with Cy ‘Fig. C, and the Cy effect was constant over the whole 
dose range of UVB tested (Fig. 2° 


Statistical analysis 

Student’s t-test was used to identify the lowest UVE dose to induce significant suppression, 

when compared to the non-UVB irradiated control. In both Cy treated and non-Cy treated 

groups of mice, the first effective UVB dese to induce significant suppression was 40 mJ/cm?. 
The ANOVA test showed that there was nc interaction between Cy and UVB, that UVB 

induced a dose-related suppression of CFS, and that Cy enhanced CPS responses at all UVB 

doses. 


DISCUSSION 


Contact photosensitivity (CPS) is a form of celavyed-type hypersensitivity reaction similar to 
contact sensitivity (CS) except that UVA is required at sensitization end challenge. ™!5 Since we 
do not employ UVB,'° Cy’®, or other iramuaclog: al adjuvants!” in our standard sensitization 
procedure we have a less complex model fer studying factors that may modulate CPS. However, 
when we add Cy before sensitization the response i enhanced by almost 30°. Since Cy is 
believed to inhibit the development of Ts cells,'*=° our observations confirm those of others 
who have demonstrated that Cy-sensitiwe Ts cells are generated at sensitization with TCSA.'® 

This is the first study to show a dose-response curve for the systemic effect of broad band 
UVB on CPS, i.e. when UVB is given to a ste distant from that used for sensitization. In our 
study, UVB-induced immune suppression was first detected with a dose of 40 mJ/cm? and 
suppression increased with higher doses. The immune suppression is also shown to be related 
linearly to log,» of the UVB dose for the UVB doses tested (Fig. 2). A 50% suppression of CPS 


was seen with approximately 109 mJ’cm* cf UVB. The threshold dose of 40 mJ/cm?* is 








UV B-induced suppression of CPS 151 


considerably lower than the single dose of 2500 mJ/cm? given by Granstein et al.,!© who did not 
determine the threshold dose. Caution is required when comparing UVB doses from different 
studies due to the different techniques and equipment used for measuring radiation, but we feel 
it is necessary to comment on other findings despite the lack of standardization in UV 
measurements. 

Miyachi et al.?° were unable to demonstrate systemic suppression of CPS to TCSA ina ICR 
mouse strain with a dose of 40 mJ/cm? of UVB. This may be due to the fact that their TCSA 
sensitization procedure produces lower reactions. In addition, they used ICR mice while we 
used BALB/c], and we have shown a considerable variation in the degree of CPS reactivity 
among eight different mouse strains.?! Granstein et al.,!° using cell transfer experiments, were 
unable to demonstrate Ts cells in mice in which CPS to TCSA had been systemically 
suppressed by UVB. However, they use Cy 3 days after UVB as an essential part of their 
sensitization protocol. Their results led them to suggest that a second form of anergy, not 
mediated by suppressor cells, had been produced by UVB in these animals. 

In the present system we have shown two different suppressive components. The first is an 
integral part of the normal sensitization process and it is sensitive to Cy treatment. This 
suppression may be related to the dose of antigen used at sensitization.27 The second is that 
induced by exposure to UVB, which is not sensitive to Cy. Thus, it seems unlikely that Cy- 
sensitive Ts play a major role in UVB-induced systemic suppression of CPS. Our results with 
Cy show that UVB does not produce its systemic suppressive effect by inducing Cy-sensitive 
Ts. We suggest that there may be some other mechanism as proposed by Granstein et al.!6 This 
is contrary to the suggestion of Kripke,?*7* who proposed that systemic suppression of CS by 
UVB is due to antigen-specific T-suppressor cells. However, our results show that if such UVB- 
induced suppressor cells exist in CPS they are not Cy-sensitive. It is possible that there are 
different mechanisms for UVB suppression of CPS and CS but these immune reactions are 
considered to be similar.7* An alternative view of the mechanism of UVB suppression of CS 
suggests that UVB given before induction may produce trapping of circulating effector cells 
within peripheral lymph nodes resulting in suppression.?®?’ It is known that a suppressor 
mechanism is activated at sensitization and we have shown a similar process with CPS to TCSA 
but the elimination of this suppression with Cy does not prevent the UVB-induced suppression. 

Although we have not found the mechanism by which UVB-induces its suppression, we have 
shown that it is not Cy-sensitive, and that this suppression is linearly related to the logio dose of 
UVB and can be achieved with low doses of UVB. 
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SUMMARY 


The vasodilator prostaglandin E, has been proposed as a mediator of erythema in a variety of 
cutaneous inflammatory reactions and prostacyclin levels have been found to be elevated in 
ultraviolet induced erythema. Human recombinant interleukin ræ and lipopolysaccharide 
induced a concentration- and time-dependent release of prostaglandin E,, but not prostacyclin, 
from cultured neonatal and adult human dermal microvascular endothelial cells. Prostaglandin 
E, was measurable at 2 h after stimulation with r U/ml interleukin ra, levels increased rapidly 
up to 6 hand more slowly up to 24 bh. Lipopolysaccharide (20 ug/ml) induced measurable release 
of prostaglandin E, between 2 and 4 h after stimulation and release continued up to 24 h when 
incubation was terminated. With both agonists, release of prostaglandin E, was inhibited by 
indomethacin and significantly reduced by cycloheximide. The sensitivity and magnitude of 
responses of the cutaneous endothelial cells to these pro-inflammatory stimuli appeared to be 
dependent on their derivation. 


There is substantial evidence that human skin is a source of pro-inflammatory molecules 
including eicosanoids, platelet-activating factor and the cytokine interleukin 1 (IL-1). IL-x-like 
activity can be extracted from the epidermis! and is released from normal human skin 
immediately following abrasion.? Exposure to UVB irradiation augments the release of IL-1- 
like activity.? The pro-inflammatory nature of IL-1 has been demonstrated in human skin by 
intradermal! injection of human recombinant IL-ra (hrIL-1a), which induced a dose-related 
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erythema, maximal at 24 h and persisting up to 48 h. In the early stages, the erythema was 
associated with oedema and a mixed cellular perivascular indlirate.” These in vivo observations 





Both IL-1 and bacterial endotoxin have been shown to elicit similar responses in human 
endothelial cells cultured from umbilice! ard eapmenour veins. These include release of 
prostacyclin (PGI,),° the potentiation of neutrophil and merocyte adherence® and expression 
of specific surface antigens.’ The structurs/functien, relationships of vascular endothelium are 
influenced by its environment, so that data cb:ained from experiments employing large-vessel 
endothelial cells cannot necessarily be excrapelated to the mcrovesculature, that is primarily 
involved in inflammatory processes. It nas bees demonstrated that dermal microvascular 
endothelial cells derived from newnatal fereskin lease more prostaglandin E, (PGE,) than 
PGI, when stimulated with the calcium ionophore 423187," but the requirements for PGE, 
release were not examined. 

We have cultured microvascular endothelial ces from the dermis of both neonatal foreskin 
and adult facial skin, characterized them using ime unocytochemica: methods and investigated 
whether these cutaneous microvascular endothelial cells can release vasoactive prostaglandins 
in response to the pro-inflammatery stimali IL-1 and bacterial endotoxin, 
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Materials 

Culture medium and antibiotics were obtained from Cribce, Paisley. Scotland, U.K. Additional 
cell culture supplements, lipopobsacchaside fror E. coh Serotypes 055: B5 and 0127: B8), 
cycloheximide, actinomycin D, tunicamycin, indometh: cin, trifluoperazine and U/ex europaeus 
agglutinin 1 were obtained from Sigma Chemical Co., Poote. Dorset, U.K. 

All antibodies, except the endothelivm-:pecific monoclonabantibadies (mAb), were obtained 
from Dakopatts, High Wycombe, U.K. Of the mAs, PAL-E was agiit from Dr R.O.Schlinge- 
mann, The University of Leiden, The Necheriancs, EN 4 was a gift from Dr C.J.F.Spry, The 
Royal Postgraduate Medical Schoel, Loncon, U.E. and BMA 120 was obtained from Behring, 
Marburg, F.R.G. 

The 6-keto-prostaglandin F,, antiserum was s gift from Dr M.Greaves, Department of 
Haematology, Royal Hallamshire Hospital, Shef eid, U.K. The PGE, antiserum and the 
prostaglandin standards were obtained from Cayrmax Chemicals, Amn Arbor, MI, U.S.A. and 
the tritiated prostaglandins were obtainec from Amersham PLC, Little Chalfont, U.K. 

Human recombinant interleukin 1% wasa gitt fren Dr F Lomedice, Hoffman La Roche Inc., 
Nutley, NJ, U.S.A. This preparation consisted of the carboxy-terminal 154 amino acids of the 
271 amino acid human IL-1% precursor and wes essentially pure prctein with specific activity of 
1-3. x 10° half maximal U/ml, 5 = 10° half maximal U/mg protem and contained less than 
3 x 10°° EU/ml endotoxin, measured by the Limulus assay. 








Endothelial cell cultures 
Human dermal microvascular endothelial cells were isolated from both neonatal foreskin 
obtained after routine circumcision and aduit fecial skin ciscarded after elective cosmetic 
surgery and established in culture using £ modified method ef Davison and Karasek.9:!° 

The foreskins were cut open and all anderlyimg conmective tissue removed. After being 
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extensively washed in calcium- and magnesium-free Hanks’ balanced salt solution (HBSS) 
containing 200 U/ml penicillin, 200 ug/ml streptomycin, 100 ug/ml amphoteracin B and 100 
g/ml kanamycin, the pieces of skin were placed in a solution of o-5% trypsin prepared in isotonic 
saline (140 mM NaCl, 6 mm KCl, 4 mM glucose, pH 7-2) and incubated overnight at 4°C. 

The sections of facial skin were washed in HBSS plus antibiotics and all underlying fat 
removed. The epidermis and papillary dermis were separated from the underlying dermis using 
a Castroviejo keratotome set to cut at 0-3 mm. These sections of skin were washed in HBSS 
containing antibiotics and then incubated overnight at 4°C in 0-5% trypsin. 

‘The next morning, the skin sections from either source were washed twice in HBSS and the 
epidermis removed. The dermal sections were then washed extensively in HBSS and 
transferred individually to a Petri dish containing a small volume of Iscove’s modification of 
Dulbecco’s modified Eagle’s medium (DMEM). The capillary segments were expressed into 
the culture medium, centrifuged at 600 g for 2 min, resuspended in culture medium and 
centrifuged again. The cells were resuspended in complete culture medium consisting of 
Iscove’s DMEM containing 100 U/ml penicillin, 100 ug/ml streptomycin and 50 ug/ml 
amphoteracin B and supplemented with 107* M hypoxanthine, 1077 M oxaloacetic acid, 
4x 107* M pyruvate, 25 IU/100 ml insulin, 1-6 x 107° M thymidine, 3-3 x 107° M isobutyl- 
methylxanthine (IBMX), 5 x 107* M dibutyryl cyclic AMP (cAMP) and 30% pooled human 
serum (PHS). They were plated onto Petri dishes previously coated with human fibronectin 
prepared from cryoprecipitate.’? 

The cells used in these experiments were confluent monolayers of passages 2 to 4. 


Identification of human dermal microvascular endothelial cells in culture 
The endothelial cell nature of the cultured dermal cells was determined by immunocytochemi- 
cal staining for von Willebrand factor protein (vWF)*7, binding of the lectin Ulex europaeus 
agglutinin-1 (UEA)!®* and labelling by the endothelium-specific mAbs EN4!*, PAL-E!5 and 
BMA 120.'® 

Confluent monolayers of human dermal microvascular endothelial cells were washed twice 
with culture medium alone and overlayed with 1 ml of fresh medium. The cells were scraped 
gently from the plates into the culture medium and cytocentrifuged onto glass slides (Shandon 
cytospin 2 centrifuge, 10 min, 100 g). The cells were harvested mechanically so as to avoid the 
use of trypsin which might have destroyed labile cell-surface antigenic sites. The cytospin 
preparations were fixed immediately in 70% methanol at 4°C for 20 min, air-dried and 
processed. 


Staining procedures 

UEA and all antibodies were diluted in phosphate-buffered saline (140 mM NaCl, 150 mM PO,, 
pH 7:2) containing 1% w/v bovine serum albumin (PBS-—BSA). Rabbit polyclonal antibody to 
UEA and mAb to vWF were diluted 1: 100. The mAbs PAL-E, EN 4 and BMA 120 were used 
undiluted. Fluorescein isothiocyanate (FIT C)-conjugated swine anti-rabbit IgG was diluted 
1:150 and FITC-conjugated rabbit anti-mouse IgG was diluted 1: 100. 

The fixed cytospin preparations were washed with PBS. Those cell preparations to be used 
for assessment of UEA binding were incubated with UEA (0:002% w/v in PBS—BSA) for 2 h 
prior to treatment with the primary anti-UKA antibody. All cell preparations were incubated 
with the different primary antibodies overnight in a humidified chamber to facilitate maximum 
binding. They were then washed and overlayed with the FITC-conjugated second antibody for 
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30 min, washed again and mounted in glycera PBS. The nacuntec slides were viewed using a 
Nikon Diaphot microscope with epifluorescence Alte: 





Release of prostaglandins from endethel-al cells 

Prior to the performance of these experiments, human derma! microvascular endothelial cells 
were cultured for 24 hin Iscove’s DM=M containing 30°, PHS and all of the previously listed 
supplements except IBMX and cAMP The experiments were carriedout in serum free Iscove’s 
DMEM containing all supplements except IEMX and cAMP. 

Confluent monolayers of endothelial celis were washed once with serum-free culture medium 
and then overlayed with medium contain ng either human recombinant interleukin 1% (hrIL- 
ix) at concentrations between oc: and § U;ml or hipopolysaccharice (LPS) at concentrations 
between o'I and 50 ug/ml. The cells were incubated at 37°C for 24 h, after which time the 
supernatants were removed and frozen at -- 20 C ‘or subsequent rac ~immunoassay of 6-keto- 
prostaglandin F,, (6keto-PGF., and prostaglancin E, (PGE,). The endothelial cells were 
trypsinized (0-25 w/v trypsin in HBSs) end coumted manually usag an improved Neubauer 
Chamber (Weber, Lancing, W. Sussex. U.K). Concentrations of prostaglandins were expressed 
in pg/ro* cells. 

The time course of release cf prosteglandins was determined by incubating the endothelial 
cells with either 1-0 U/ml hrIL-rz or 20 agimi LPS. At different time points between 30 min 
and 24 h, the supernatant was remeved and frozen.2t — 20 C for sut sequent radioimmunoassay 
for 6keto-PGF,, and PGE.. 











The effect of specific antagonists ov release of prostaglandins from endothelial cells 

The concentrations of antagonists used .n these experiments were not cytotoxic. They had 
previously been shown to induce neither morphological change, as assessed by phase contrast 
microscopy and trypan blue exclusion, nor direct stinvalation of prostaglandin release following 
24 h incubation with cells alone. 

Confluent monolayers of endetheRal cells were washed with serum-free medium and 
overlayed with serum-free medium containimg the different antagenists. Following 30 min 
incubation at 37°C, 1 U/ml hriL-az or 20 ugil LPS was added and the cells incubated fora 
further 6 h at 37°C, at which time the supernatant was removed and frozen at — 20°C for 
subsequent radioimmunoassay for 6keto-PGF ., and PGE... 


Prostaglandin assays. 
PGI, and PGE, were measured using racioimmmunoassays for Sketo-PGF,, (the stable 
hydrolysis product of PGI,) and PGZ, respectively, as previous.y described.’ The 6keto- 
PGF, antiserum exhibited cross-reactivity of less chan 1°, with other major prostaglandins of 
the 1 and 2 series and the limit of sensitivity of the assay was 50 pz’ml. The PGE, antiserum 
showed cross-reactivity of less than 1°; with other prostaglandins o7 the two series and the limit 
of sensitivity of the assay was 150 pg/ml. 

The cell supernatants were assayed without prior extraction 
dilutions in each radioimmunoassay. 





and measurements made at two 





Analysis of data 
Statistical analysis of endothelial cell responses tocither br]1L-12 or LPS was performed using 
the Mann-Whitney U-test and results were considered to be significant if P<0-95, 

The effect of the metabolic inhibitors was aralysed using paired Smdent’s t-test and P < 0-0§ 
was considered to be significant. 
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RESULTS 


Identification of endothelial cells tn culture 

The neonatal and adult dermal microvascular endothelial cells showed a closely apposed 
cobblestone morphology (Figs ra and e), the presence of vWF protein (Figs rb and f) and 
binding of the lectin Ulex europaeus agglutinin-1 (Figs Ic and g). 

Of the endothelium-specific mAb, only EN4 gave consistent positive staining of both 
neonatal and adult dermal microvascular endothelial cells (Figs 1d and h). Neither PAL~E nor 
BMA 120 bound to neonatal dermal microvascular endothelial cells. Some preparations of adult 
cells gave positive staining with BMA 120, whereas others did not and a few cells within 
individual preparations of adult cells exhibited weak positive-membrane staining with PAL-E 
(not shown). 


Release of prostaglandins 

In dermal microvascular endothelial cells incubated for 24 h with hrIL-ra, a concentration- 
dependent release of PGE, was observed (Fig. 2). A significant increase (P < 0-05) in release of 
PGE, from both adult and neonatal cells was induced by 0-5 U/ml hrIL-rg. The neonatal cells 
were maximally stimulated with 1 U/ml hrIL-1a, but increasing amounts of PGE, were 
released from adult cells incubated with up to 5-0 U/ml. With the exception of the lowest 
concentration of hrIL-ra (0-01 U/ml), the neonatal cells released more PGE, than the adult cells 
exposed to the same concentration of agonist. 

Release of PGE, from dermal microvascular endothelial cells incubated with hrIL-1a was 
time dependent (Fig. 3). In both neonatal and adult cells, incubated with 1 U/ml hrIL-1a 
levels of PGE, increased rapidly between 2 and 6 h following stimulation and thereafter 
increased more gradually up to 24 h when the incubations were terminated. The neonatal cells 
were more responsive to the agonist and released significantly more PGE, than the adult cells 
(P<0:05). 6keto-PGF,, was undetectable in the supernatant of either adult or neonatal cells 
incubated with up to 5:0 U/ml hrIL-1a for 24 h. 

Lipopolysaccharide (LPS) also induced a concentration-dependent release of PGE, from 
both adult and neonatal cells (Fig. 4). Release of PGE, from adult cells was significantly 
increased with 5 ug/ml LPS (P <0-05) and maximally induced with 20 ug/ml LPS. In contrast, 
o'I ug/ml LPS induced a significant increase in PGE, release from neonatal cells (P < 0-05) and 
increasing amounts of PGE, were released from cells incubated with up to 50 ug/ml LPS. 

Release of PGE, from both adult and neonatal cells incubated with 20 ug/ml LPS was time 
dependent (Fig. 5), with increasing release of PGE, occurring up to 24 h when the incubations 
were terminated. The neonatal cells were more responsive to the stimulus, PGE, being easily 
detectable in the cell supernatant at 4 h, when it was only just detectable in the supernatant of 
adult cells. Furthermore, after 24 h incubation, the amount of PGE, released from neonatal cells 
was significantly greater than that from adult cells (P < 0-05). 6keto-PGF,, was undetectable in 
the supernatant of either adult or neonatal cells incubated with up to 50 ug/ml LPS for 24 h. 

In an attempt to determine the metabolic requirements for release of PGE, from human 
dermal microvascular endothelial cells incubated with hrIL-1a or LPS, confluent monolayers of 
cells were incubated with cither indomethacin (cyclo-oxygenase inhibitor), actinomycin D 
(RNA transcription inhibitor), cycloheximide (protein translation inhibitor), tunicamycin (post 
translation protein glycosylation inhibitor) or trifluoperazine (calcium/calmodulin binding 
inhibitor). The brlL-1a-induced release of PGE, from both adult and neonatal cells was 
inhibited by indomethacin and significantly reduced by cycloheximide (P <0-005). In adult - 
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FIGURE 2. Release of PGE, from adult (@) and neonatal (E human dermal microvascular endothelial cells 
following 24 h incubation with concentrations of hrlL-1a between oor and 5-0 U/ml. The columns 
represent the mean release of PGE. and the bars indicate the standard error of the mean (SEM) from six 
experiments performed using cells cultured from different donor tissue. * P < 0-05, ** P< 0-005. 
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FIGURE 3. The time course of release of PGE, from adult (W) and neonatal (O) human dermal 
microvascular endothelial cells incubated with 1 U/ml hrIL-1¢. B is the basal release of PGE, from 
unstimulated cells following 24 h incubation. The results are expressed as the mean + SEM from six 
experiments performed using cells cultured from different donor tissue. * P< 0o-0§. 


cells, actinomycin D and trifluoperazine partially reduced and tunicamycin significantly 
(P < 0-05) reduced release of PGE,, while in the neonatal cells PGE, release was significantly 
(P < 0-05) reduced in cells exposed to 10 ug/ml but not 1 ug/ml actinomycin D. Tunicamycin 
partially reduced release of PGE, but trifluoperazine did not (Table 1). LPS-induced release of 
PGE, from both neonatal and adult cells was also totally blocked by indomethacin and 
-significantly reduced by cycloheximide (P < 0-005) but not by actinomycin D, tunicamycin or 
trifluoperazine (Table 2). 
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FIGURE 4. Release of PGE; fromadalt (2 and neonatal En human dermal microvascular endothelial cells 
following 24 h incubation with concentranwens of LPS beween o rando g/ml. The columns represent 
the mean release of PGE, and the bars ondizate the S&M from sm experiments performed using cells 
cultured from different donor tissue. YP < ons, ** P ew cs, 
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FIGURE 5. The time course of release of PGE. from adult W) and necnatal (O) human dermal 
microvascular endothelial cells mncubated wich zo weird LPS. B incicates >asal release of PGE, from 
unstimulated cells following 24 h incubation. The ressis are expressed as the mean + SEM from six 
experiments performed using ceils cultured trom diffesent donor tissue. * P< 0-05. 





BISCUSS:ON 


Human dermal microvascular encothelia. cells were successfully cultured from both neonatal 
foreskin and adult facial skin anc the eralotkelic. mature of the cultured cells confirmed by 
positive staining for vWF protein and »inding of the lectin Wex europaeus agglutinin-1. Of the 
three mAbs examined, only EN 4 gave corsistent positive staining under the fixatien conditions 
used. Positive staining with PAL-E nd BMA ro may kave been observed using different 
fixation conditions, but neither FAL-E aor BMA p20 were raised against endethelial cells. 
PAL-E was raised against human iymph rode metastases of melancma!* and BMA 120 against 
an established human oat-cell carcinoma cell line,” suggesting that these antibedies may be 
directed against epitopes unique to tumour vesculature or rapidly proliferating endothelium. 
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TABLE 1. The effect of metabolic antagonists on hbrIL-1e-induced 
release of PGE, from adult dermal microvascular endothelial cells 





Adult cells Neonatal cells 


Indomethacin 10 uM Gort . O71 to71** 
Cyclohexiunide so ng/ml 11 23 6 84** I9 09 + 3°09** 
Actinomycin D 1 ng/ml TAITLIOTS IOI 99 + 10°82 
ro ng/ml 61:55 + 10°26 3I 60 +9:89* 
Tunicamycin 1 pg/ml 45°66 + 14 90* 60°29 + 16-78 
Trifluoperazine roong/ml 57°54+1399 107 86+ 10°91 


Confluent monolayers of endothelial cells were pre-incubated with 
the antagonists for 30 min prior to the addition of 1 U/ml! brOL-ra. 
The incubations were then continued for 6 h. The results are 
expressed as % PGE, released m the presence of the antagonists 
compared to PGE, released m the presence of hrIL-ra alone and 
represent the mean + SEM from four experiments performed using 
cells cultured from different donors * P <o 05, ** P < 0-005 


TABLE 2 The effect of metabolic antagonists on LPS-induced release 
of PGE, from dermal microvascular endothelial cells 


Adult cells - Neonatal cells 
Indomethacin IO uM 469+4:69** 4iat412** 
Cyclohexumide song/ml  21:53Ł724** 1745+9 84** 
Actinomycin D r ng/ml 17454445 98 90-90 + 7°63 
Tunicamyan 1 pg/ml 93°48 +21 35 IOI 22+25 59 


Trifluoperazine roong/ml 102-141158 IOI-2O+17 21 


Confhaent monolayers of endothelial cells were pre-incubated with 
the antagonists for 30 min prior to the addition of 20 pg/ml LPS. The 
incubations were then continued for 6 h. The results are expressed as 
¥ PGE, released in the presence of the antagonists compared to 
PGE, released in the presence of LPS alone and represent the 
mean + SEM from four experiments performed using cells cultured 
from different donors. ** P <0 005 


Our results show that human dermal microvascular endothelial cells cultured from both 
neonatal foreskin and adult facial skin release PGE,, but not PGI, when incubated with either 
the pro-inflammatory cytokine IL-1 or Gram-negative bacterial endotoxin (lipopolysacchar- 
ide). LPS-induced release of PGE, was initially slow, with PGE, first being detectable at 
between 2 and 4 h after stimulation, but was then continuous up to 24 h. In contast, release of 
PGE, from human dermal microvascular endothelial cells incubated with hrIL-ra, increased 
most rapidly up to 6 hours and then more slowly up to 24 h. 

There appeared to be a requirement for new protein synthesis for continued release of PGE,, 
as release induced by both LPS and hrIL-ra was consistently and significantly inhibited by 
cycloheximide. Actinomycin D partially inhibited release of PGE, from cells incubated with 
brIL-1a but did not inhibit LPS induced release. This differential effect of actinomycin D as 
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well as tunicamycin and triflueperazire possizly imdiecates different mechanisms of cell 
activation. The LPS-induced release cf PtsE, from adult ceils exposed to actinomycin D may be 
due to a combined toxic effect of actinomycin D and LPS together. Metabolic antagonists are 
cytotoxic at high concentrations and tie cegree of tolerance varies between different cell types. 
Although the concentrations of actincmvcin D usec in our experiments with dermal 
microvascular endothelial cells ware lewe: than used by others in fibreblasts and smooth muscle 
cells,!® 1? they had an effect on cells incubated with hr] L-1% without being cytotoxic, as shown 
by the partial inhibition of hrIL-r« re.eese of PGE. Higher concentrations might well have 
been more potent inhibitors of PGE- release, vut they were cytetoxic for human dermal 
microvascular endothelial cells in culture. The reduced efficacy of actinomycin D in the adult 
cells may be associated with their reduced responsiveness to the agonist compared to the 
neonatal cells. 

There is now evidence that regulation ef prostegiandin synthesis is mediated by at least two 
mechanisms, one involving stimu. us-imduced actmation of pre-existing enzymes and the other 
mediated by protein synthesis. We have recertly ~zported that histamine can induce release of 
PGI, from human large-vessel endothelia. celb cultured from ambilical cords for up to 24h by a 
mechanism that does not exhibit a requirement fer protein synthesis.*° This is in contrast to 
results reported here, where hrIL.- 1a and LPS-induced release of PGE, is apparently mediated 
by protein synthesis. Whether this is specific indwction.of enzyme protein is not known, but it 
has recently been reported that in human ¢ ermal fitroblasts, hrIL-1-induced synthesis of PGE, 
is mediated primarily, if not solely, via induction e” cyclo-oxygenase synthesis in a manner that 
is time- and concentration-dependent.~’ 

We did not detect 6keto-PGF, , in the supernatant of erther neonatal or adult human dermal 
microvascular endothelial cells macubared with LPS or hriL-1x% using a radioimmunoassay 
sensitive at the 5 pg level. These Endings are m centrast to those of Charo et al.” who detected 
low levels of 6keto-PGF,, in the supermatant of neonatal.cells stimu ated with either the calcium 
ionophore A23187 or thrombin. These authers ¿so demonstrated release of PGF, and the 
cross-reactivity of their 6keto-PGF,. amtibedy with PGF, was 2:2°,. The 6keto-PGF,, 
antibody used in our experimen’s exhibited os cress-reactivity with PGF,, which may 
account for the differences observed. Reduced capacity to release PGI. appears to be a feature of 
microvascular endothelial cells, as both rabbit zoromary-* and guinea-pig brain capillary- 
endothelial cells** have also been shown to release tess 6keto-PGF, , than PGE), indicating that 
PGI, is not an important arachidonic acid metabolite in tae microvascular endothelium. 

As well as being a potent vasodilator, PE, is mitogenic for both capillary endothelial cells?4 
and epidermal keratinocytes.” It appears to regulate a variety of cellular respenses to pro- 
inflammatory stimuli, including down regulation f T-lymphocyte responses? and inhibition 
of monocyte IL-1 synthesis by elevating irtracellu ar cyclic AMP leveis.* ’ The initial rapid, and 
subsequently more gradual, release of PGE, trem 4rl_-1a-stemulated human dermal 
microvascular endothelial cells may indicate that CGE 
down-regulating the effect of the arIL-1c. 

A consistent observation in these experiments was the reducec sensitivity to the same 
stimulus, of microvascular endothelial cells derved froma adult tissue, compared to those 
cultured from neonatal tissue. The mey represent differemces between cells cultured from skin 
of different anatomical sites or alternative y it may represent differences between cells cultured 
from aged compared with youmg tissue, es hes recently been observed with cultured 
keratinocytes (B.A.Gilchrest, persona. communicstien). 

These results indicate that the derma microwesculature is a target for pro-mflammatory 
mediators and that it is also a source of vasoactive miediatcrs as showr by the protracted release 
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of PGE, following exposure to both hrIL-ra and LPS. Furthermore, these data indicate an 
important and active role for the human dermal microvascular endothelium in cutaneous 
inflammatory reactions. 
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SUMMARY 


The penetration of drugs through aged skin is important both in terms of transdermal delivery 
to elicit systemic pharmacological effects, and for topical treatment. Cutaneous microcirculation 
efficiency, an integral parameter in the overall process of percutaneous absorption, was studied 
in young (20-34 years) and old (64-86 years) individuals. Cutaneous erythema as induced by 
topical administration of methyl nicotinate to the ventral forearm, was monitored non- 
invasively using laser-Doppler flowmetry. Dose-response behaviour was characterized by five 
parameters: (i) the time of onset of action; (ii) the time to reach maximum response; (iii) the 
magnitude of the maximum response; (iv) the area under the response-time curve; and (v) the 
time to decay to 75% of the maximum response. Additionally, the sensitivity and efficiency of 
the cutaneous microcirculation in both age groups was evaluated using a pharmacokinetic- 
pharmacodynamic model. Statistical analysis of all data showed no significant differences 
between the age groups for the same concentrations. The results indicate that microvessel 
reactivity to the applied stimulus is comparable in the ventral forearm of both young and old 
populations. 


Human skin undergoes numerous physiological and biochemical alterations with increasing 
age, including increased dryness of the stratum corneum, a reduction in sebaceous gland activity 
(and decrease in skin surface lipids), flattening of the dermo-—epidermal junction, and atrophy of 
the dermal capillary network.’ 

Transdermally delivered chemicals, which have diffused across the epidermis into the 
dermis, are taken up by the cutaneous capillary network into the systemic circulation, Therefore 
the progressive atrophy of the dermal microcirculation with increasing age may cause a decrease 
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in the absorption of penetrating substances. Prewous work involving dermal clearance 
measurements,” ? and the McClure—Aldrich test," has shown impairment, but contradictory 
findings have also been reported © More recent.v, an investigation’ into the effect of aging on 
microvessel reactivity following tosical admircstration of the local vasodilator, methyl 
nicotinate (MN), showed no sigruficant differences in the response to the stimulus between the 
young and old populations studied. However, the procedure and data analysis did not 
differentiate between possible chenges in either microcirculation sensitivity or barrier function. 
The methodology recorded the summation of he two precesses, and did not consider the 
possibility of compensatory alterations in the ef ncieney of the two events. 

This study investigated whether the potent vasodilator, MIN, could be used to evaluate the 
efficiency of the microcirculation as a function of increasing age in vivo. The time-course of the 
local effects of MN has been assessed by laser-Doopler flowmetre (LDF). MN penetrates the 
epidermis and acts upon the dermal capillaries. Because only finite doses of MN are applied, the 
vasoresponse passes through a maximam and then decays, censistent with uptake of agent into 
the capillaries and systemic dilutien. We evaluated the kinetic processes of local skin absorption, 
cutaneous reactivity and dermal eHmination of MN and analysed the results using a 
pharmacokinetic-pharmacodynamic model.® 








METHODS 


Laser-Doppler flowmetry 

The pharmacological response to topically administered MN was monitored with a laser 
Doppler flowmeter (Periflux Pf2, Perimed KB, Stackholm, Sweden) interfaced to a flatbed pen 
recorder (YEW Yokogawa Hokushin Electric Corporation, Tokyo, Japan). The LDF technique 
has been described in detail elsewhere? 


Experimental 

Dose-response behaviour following topical application of MN was measured. Aqueous 
solutions of methyl nicotinate (Sigma Chemical Ce, St. Louis, MO, U.S.A.) at concentrations 
of 2:5, 5'0, 10-0 and 25-0 mM were used; the oH cf these solutions was 5:3 +09. 

MN solution was applied via a saturated pateh ¢1-0 cm diameter) (Al-test, Imeco ab, 
Sodertalje, Sweden), which held 50 pw! (+ 2",,) of solution. Apphcation time was 15 s, after 
which the patch was removed and the s:te carefully Cried with absorbent tissue. The LDF probe 
was then immediately positioned at the centre of the application site and blood-flow response 
was continuously monitored for the next 90 min. All response measurements were normalized, 
i.e. corrected for pretreatment baseline flow and chart recorder drift (<30 mV). 

The experimental subjects were 13 ‘seven male, six temale) Caucasian adults, having no 
history of dermatologic disease, divided into two groups: young (20-34 years; n = 6) and old (64- 
86 years; n = 7). The subjects wereallowed no prescription ner over-the-counter medication for 
the duration of the study. Subjects were non-smokers and refrained from caffeine and alcohol 
for 24 h prior to each test. Successive measurements in each individeal were performed at least 3 
days apart. 

The experiments were conducted in a well-ventilated rocm under stable temperature and 
humidity conditions (T = 23° + 2°C; relative hurreditr = 30-50°, 1. The subjects rested in a 
supine position throughout the measurement and were kept im the test environment 20-30 min 
prior to each experiment. The tes: site was the ventral surface of the forearm, 9 cm below the 
elbow fold. A control site, 5 cm below the elbow feki, wes monitorec for spontaneous changes in 
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baseline perfusion. Each concentration was measured separately on both forearms. Baseline 
measurements were taken at both sites until a stable reading was obtained; typically, the latter 
was achieved within 5-7 min. 


RESULTS 


LDF response curves as a function of time were similar to those previously reported.® Five 
parameters characterized the time course and extent of the normalized pharmacodynamic 
response: (1) the magnitude of the maximum response (mV) (Fig. 1); (11) the area under the 
response—time curve (mV h) (Fig. 2); (111) the time of onset of action (min), defined as the greatest 
change in response per unit time (Fig. 3); (iv) the time (min) of maximum response (Fig. 4); (v) 
the time (min) required for the response to return to 75%% of the maximum achieved (Fig. 5). 
Statistical comparisons of these parameters involved a one-way analysis of variance, followed by 
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FIGURE 1. Normalized maximum response (mean + SE) as a function of applied MN concentration: 
young (W) and old (0). 
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FIGURE 2. Normalized area under the response~time curve (mean + SE) as a function of applied MN 
concentration: young (W) and old (2). 
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Time of onset of action (min) 
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FIGURE 3. Time of onset of action: (mear ~ SE) as a furction of applied MN comcentration: young (il) and 
old (0). 
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FIGURE 4. Time of maximum response (mean + SE} as s"umetion of applied AS concentration: voung (W) 
and old (0). 


a Newman-Keuls multiple-range test. Significant differences were found only when the 
responses to different MN concertrat ons were compared (i.2., the response to 2°5 mM MN in 
the old subjects was less than that to both 10 mM and 25 mM MN in the same group’. At the same 
MN concentration applied, no significant diferes-es were found between the young and old 
groups at the x= 0-05 level. 

A trend toward saturability of the local microwscular response was apparent in the plots of 
normalized maximum response, and area under the respense—timae curve, versus applied 
concentration (Figs i and 2, respectively). These figures show (end confirm) that dose- 
response behaviour was investigated using concentrations below sata-ation of the pharmacody- 
namic response, i.e. in the linear portion of the efect versus applied concentration curve. The 
onset of action (Fig. 3) and the zime of maximen response (Fig. 4) are both weakly dose- 
dependent, i.e. the higher the concentration applied. the shorter the time of onset and the time to 
peak response. The time to decay to 73%, of the peak response (Fig. s) is also dose-dependent, 
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FIGURE 5. Time to decrease to 75°% of the peak response (mean + SE) as a function of applied MN 
concentration: young (W) and old (0). 
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FIGURE 6. Pharmacokinetic-pharmacodynamic model (adapted from reference 8). 


i.e. the higher the concentration, the longer the time required for the vasodilation to decrease to 
75% of the maximum response. These results agree with those previously published.’ 

The dose-response behaviour associated with topical MN application was further analysed 
using a pharmacokinetic-pharmacodynamic model’ (Fig. 6) which assumes that: (i) delivery of 
MN across the stratum corneum is constant during application of the patch; (ii) following input 
of MN to the skin, drug diffuses to its site of action with first-order kinetics (k;);'° Gii) loss of 
MN from the site of action (via capillary uptake) is a first-order elimination function (k,).!! The 


model leads to an expression, based on the Hill equation, relating applied MN concentration to 
the observed pharmacologic effect:® 


E_. RN 
E-E,) == | 
o) RS + Cs A 
where R = RC, app UY (2) 
and u = R(t tag) exp[ — ACE — tg). (3) 


E is the measured response, E, is the baseline perfusion level, Emax is the maximum response, 
Css,so is the hypothetical patch concentration of nicotinate, which would be necessary to 
maintain, under steady-state delivery conditions (E — E,)=0-5 Emax (assuming no tolerance), N 
is a parameter affecting the steepness of the effect versus dose curve, Capp is the applied MN 
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TABLE 1. Pharmacocyramic mecel parameters (mean +SE)* 








Group k (min Casaco mm) Emas (mV) N 
Young(n=6) D104 t0CI3 009-002 PS6 +24 2€+0-32 
Old (n= 7) DOQOOLOCIT OOT- C2 743239 2-H +023 


* Based on a repeated measures ova, there was no significant 
difference (P » 0-05) between the peraneter values characterizing 
the young group amd those deserming the oki cohort. Further 
analysis of Ran Cy... values, mvo? .Oogariiamiuc transformation 
of the data to reduce outhers, also failed to reveal any statistically 


significant differences between yourg and old populations 





He tg 





concentration in the patch, and tæp is the patch application time (0-25 min). The concentration 
of drug at the site of action is controlled by the ing-out+z,) and elimination (ke) kinetics; however, 
the results do not allow k; anc k.e to be differermfatec because their values are similar.” 


concentration of MN within the sxin) results qn 2). This equation iacorporates a lag time (tag) 
which is the observed period between Crug apparten and response onset. 

The experimental data were feted to equetion 1) using MKMGDEL, a parameter-estimation 
modelling procedure which uses a least-squares regression program: '* Parameter values for k, 
Cys,.509 Emax and N were identifiec for each set of mesults. To reduce the number of parameters 
being fitted at any one time, C,,., Ee anc fy, were fixed: Cipp for obvious reasons, Æ, and fag 
because they can be directly obtained from the data. Average parameter estimates for both 
‘populations’ were found and compared (Table 1» So significant differences (P< 0-05) in the 
parameters characterizing the two age groups were Punc. 


DISCUSS CON 


The results shown in Figures 1~¢ indicate = clear reiationshyp between applied MN 
concentration and blood-flow response. However the data indicate ao significant difference in 
the microcirculatory response t: MN between the two age groups. The pharmacodynamic 
changes observed require penetration to. and simulation of, the microvasculature, and the 
parameters characterizing the response were chesen to highlight pessible differences in these 
processes between the subject groups. For example, ifmors chemical is absorbed during the 15 s 
exposure period, the extent of vasoresponse (ie. the area under the response—time curve) should 
be enhanced. If the penetration barrier is lower, a faster onset of response may be expected; and, 
if the ability of the microcirculation to eliminate the penetrated drug is compromised, the time 
for recovery of blood flow to pre-apptication levels should be increased. 

Parameter estimation from the sharmacodynamsic model analysis indicates that the half-lives 
(mean + SE) for MN delivery te, and eltminazion from, the site of action are: 6:4 + 0:8 min for 
the young subjects; 77+ main for the old greup. The difference is not significant; 
nevertheless, the values agree with previous non-invasive measurements using this vasodila- 
tor.'*:'4 They are also consistent with the reselts of different experimental approach,'? which 
showed that the life span of M in the dermis was 3-po min. It should be noted that the 
clearance half-life of Na*?Cl has been determined to be of the same order. ™*®8 However, 
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although the techniques used in these various investigations are different, either the chemical 
studied (MN'"'*) or the method of delivery (intradermal injection? *ĉ) causes local vasodila- 
tation. Agreement between k, values should, therefore, be used only for comparative purposes. 
The Css,so values, which measure the sensitivity of the microcirculation to drug-induced 
vasodilatation, showed no significant difference between age groups. 

Evaluation of the results and further pharmacodynamic analysis showed no significant 
differences between age groups. This may be due in part to the high inter-individual variability 


strict experimental procedures were followed, this degree of variability appears to be 
characteristic for this type of measurement.’ However, the results agree with current 
observations concerning the effect of skin aging on percutaneous penetration. If there is no 
difference in dermal capillary uptake of penetrating substances in the forearm area, but barrier 
function increases with age, then the important factor is the role of the stratum corneum which is 
the major barrier to diffusion of penetrating substances. Subtle changes in the stratum corneum 
barrier (e.g., in intercellular lipid organization) may account for changes seen in penetration, 
independent of microcirculatory uptake. 
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SUMMARY 


Cyclosporin A has been shown to be effective in the treatment of severe, recalcitrant psoriasis, 
but it is uncertain whether the mode of action is primarily by immune suppression or by other 
mechanisms. Cyclosporin-dependent growth-inhibition has recently been demonstrated m 
vitro using several non-human and transformed epithelial cell lines. In this study the effect of 
cyclosporin on human epidermal keratinocytes and skin fibroblasts was investigated. Secondary 
cultures of human epidermal keratinocytes were grown on collagen-coated dishes in the 
presence of increasing concentrations of cyclosporin. Inhibition of growth was observed at 6-8 
uM. An almost identical dose-response curve was obtained for the cytotoxic drug, cis-platin. 
Short-term exposure (1 h) to cyclosporin did not have any effect on epidermal cell growth, 
suggesting that direct membrane-related effects were not involved. Analysis of cellular proteins 
by SDS-PAGE indicated no effect of continuous cyclosporin exposure on m vitro differentia- 
tion. The observation that human epidermal keratinocyte growth is inhibited by cyclosporin 
suggests that a topical form of therapy for psoriasis may be an effective alternative to oral 
treatment. 


Cyclosporin A is a cyclic polypeptide of 11 amino acids with potent immunosuppressive 
properties. It has been used both experimentally in animals and clinically in man to prolong 
allogenic transplants. More recently it has been used at lower doses to treat severe psoriasis!’ 
with rapid clearing of the lesions, even in previously recalcitrant cases. At present it is not 
certain whether these effects are primarily due to an alteration of immune function, particularly 
T-cell modulation, or to a direct effect on the skin. 

This study examined the effect of cyclosporin on human epidermal keratinocytes and human 
skin fibroblasts t vitro. As well as providing information as to the possible mode of action of 
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cyclosporin in vive, sach an approach may help decide whether topical cyclosporin is a possible 
alternative treatment in psoriasis. thus minimizing the known side-effects of oral cyclosporin 
such as nephrotoxicity. 


Fibroblast cultures 

Human fibroblast cultures were derived from norma! adult human trunk skin rernoved during 
routine minor surgical procedures. Cultures were established by routine procedures and 
maintained in Dulbecco’s mediied Eagle’s medium (DMEM) supplemented with 10°, 
newborn calf serum. 





Epidermal keratinocyte cultures 

Human epidermal keratinocyte cell suspensions were prepared from foreskins and plated out 
onto mitomycin-treated 313 fibroblasts as previewsly described.* Keratinocytes were main- 
tained in a mixture of DMEM: Ham's F12 (3:7: comtainang 5°. fetal calf serum, 0-4 ug/ml 
hydrocortisone, § ug/ml insulin, 10 ng/ml chelerstoxin, 5 we/ml transferrin, 10 ng/ml human 
epidermal growth factor (a gift from Dr H.Gregery, ICI Pharmaceaticals Ltd, Macclesfield, 
U.K.) and 2 x 10° t} M triiodo-thy ronize. Durmg tte frst 7 days of przmary culture the medium 
also contained penicillin (100 U mal) and streptoneycem (109 gimb. 


Growth inhibition studies 
Primary cultures of human epidermal keratinocytes were trypsinized and resuspended and 1-0- 
2:0 x 10° cells plated cut onto rat-tail-żendon collegen-coated 35 mm Petri dishes without 3T3 
fibroblasts. The growth medium contained <°,, “eta! calf serum and the growth factors as 
described above. After 24-h culture the med:um wes changec to medium containing cyclosporin 
(Cyclosporin A, gift from Sandoz Pharmaceuticals) or fresh medium containing vehicle alone. 
The maximum concentration of cyclosporin wes lunited by its solubility to 10 uM. The 
cyclosporin was made up as a stock selution in evtanol:o-1°., DMSO in water (50:50). The 
maximum concentration of vehicle dic not exceed o-5°:,. After a further 6 days of culture the 
medium was removed and the cultures washed wita Dulbecee’s sal: solution (DSS), formalin- 
fixed and stained with o-1°,, crystal violet. The percentage of the dish surface covered with 
keratinocytes was then determined using the Optorzax V image analysis system. The percentage 
area is considered to be the best overall ndex of cel!grewth im epidermal keratinocyte cultures.° 
Cultures of human fibroblasts between passage rumbers 4 and & were subcultured into 35- 
mm Petri dishes (1:0-2-0 x rot celis per dish) containing cover slips. In some experiments the 
concentration of newborn calf sern in the mediura was reduced from 10 to 5°. After 24 h the 
medium was changed to medium containing cyclosporin or vehicle alone. After a further 4-6 
days of culture the medium was removed and the zelts washed with DSS, formalin-fixed and 
stained with the nuclear stain, gailocyarin. Themear cumberef cell nuclei per random field was 
determined microscopically as previously described * At least 1 5 fields per slide were counted. 
In some experiments comparisons were made with ces-platin and methotrexate in terms of 
their growth inhibition at similar concentraticns = cyclosporin. Stock solutions of cis-platin 
were made up in DSS, whereas stock sclutions of methetrexate were made up ino-or M NaOH. 











Cell survival experiments 
Primary cultures of epidermal kerctinceytes were men 





ated with either 10 uM cyclosporin or 
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cis-platin for 1 h. After washing, the cultures were subcultured onto collagen and grown without 
3T3 fibroblasts. The growth was assessed after 6 days as described above. 


SDS-PAGE electrophoresis 

Cultures of human epidermal keratinocytes treated with either 10 uM cyclosporin or vehicle 
alone for a period of 6 days were extracted with 20 mm Tris-HCl, pH 7-4 and then re-extracted 
with 20 mM Tris-HCl pH 7:4 containing 8 M urea and 1% f-mercaptoethanol (keratin- 
containing fraction). Both extracts were analysed by SDS—polyacrylamide gel electrophoresis 
(SDS-PAGE) as previously described.’ 


RESULTS 


The results of two experiments to determine the effect of cyclosporin on the growth of human 
epidermal keratinocytes are given in Figure 1. In both cases there is a clear dose-response curve 
showing inhibition of keratinocyte growth with increasing concentrations of cyclosporin. 
Keratinocytes grown in the presence of cyclosporin showed a flattened, irregular appearance 
suggesting that the pattern of m vitro differentiation may have been altered. However the results 
of the SDS—PAGE (Fig. 2) did not confirm this. No major differences in the polypeptide pattern 
were seen between the control and 10 uM cyclosporin-treated cells in the Tris-HCl extract and 
the Keratin-containing fraction. Analysis from a second separate experiment also failed to 
demonstrate significant differences between the polypeptide patterns. Similarly, electron 
microscopic examination (results not shown) did not reveal any ultrastructural differences 
between control- and cyclosporin-treated cultures. 

The results of experiments with cis-platin (Fig 3a) indicated that the growth-inhibition of 
keratinocytes observed with cyclosporin was at similar levels to that observed with cts-platin. 
‘Thus, a value of approximately 50% of control value was reached at 8-10 uM for cyclosporin 
compared to 10 uM for cs-platin. Comparisons with methotrexate were not possible in this 
situation as the dose response curve was very flat despite the wide range (0-1 uM-I mM) of 
concentrations used (Fig. 3b). 

The results of two experiments to determine the effect of cyclosporin on human fibroblasts are 
given in Table 1. Although there appeared to be a slight decrease in the numbers of cells with 
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FIGURE I. The effect of cyclosporin A on the growth of human epidermal keratinocytes. Results are 
expressed as the mean + SEM of three chshes. W, experiment 1; O, experiment 2. 
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FIGURE 2. SDS-PAGE electrophoresis of extracts cf epicerma! keratinocytes. Tris/HCl extract of vehicle 
treated (1) or 10 uM cyclosporin treated (=) keratinecytes. Keratin fraetion of vehicle treated (3 er 10 uM 
cyclosporin treated (4) keratinocytes. Movecular weight markers used were bevine serum albumin (66 K), 
egg albumen (45 K) and lysozyme i 14 K3. 


increasing concentration of cyclosporin in medium containing 10°, serum the effect was only 
minimal and much less marked than w-th keratinecytes. In contrast. when the experiment was 
repeated in the presence of 5%% serum 3 marked effect was noted. There were some changes in 
the morphology of fibroblasts when grown in cyclosporin, the cells being less spread out and 
with a denser cytoplasm. The effect of zs-platin om Abroblasts in the presence of 10% serum is 
shown in Figure 4a. A notable decrease of cell numbers was observed with an ICs, value below 
the range of concentrations tested. A similar response was observed with methotrexate (Fig. 4b). 
No difference was noted with these twe drugs on reduction of the seram concentration to 5%. 

The results of two separate cel|-survival experiments are given in Table 2. The short-term 


In vitro effect of cyclosporin 177 





TL 


Vehicle [LLM D uM HO pm CO pim 
i 
ENG aaa EEEa r EET S. 


Mean percentage of dish covered by celis 





Vehicle Olum LO um lOOum 100 um imm 


gione 


L 





eme BAGERIER TE moorei 


FIGURE 3. The effect of (a) cis-platin and (b) methotrexate on the growth of human epidermal 
keratinocytes. Results are expressed as the mean (a, n= 3, b, n= 2). 


TABLE 1. The effect of serum on the sensitivity of human dermal 
fibroblasts to cyclosporin 
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Cyclosporin concentration 
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*Results are expressed as the percentage of the mean number of 
nuclei in control dishes receiving vehicle alone. A minimum of 
three dishes were used at each concentration. 


exposure of keratinocytes to cyclosporin or cis-platin did not result in any change in the cellular 
growth rate. 


DISCUSSION 


The results of early studies on the effects of cyclosporin on epidermal cells indicated that there 
was little or no direct effect m vitro. Cyclosporin did not inhibit the outgrowth of pig epidermal 
explants at therapeutic levels (200 ng/ml=o-17 uM)” No effect on human epidermal 
keratinocytes at concentrations up to 10 uM was reported.® However, inhibition of normal 
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FIGURE 4. The effect of (a) cis-platurand (6) methotrexwe om the growth of humen fibroblasts. Results are 
expressed as the mean two dishes. 


TABLE 2. The effect of shert erm exposure to ceclosporin er cis-platen on human epidermal 
keratinocytes 
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mouse keratinocytes was demonstrated, as well as with transformed mouse keratinocytes and 
A431 cells, at concentrations ranging from 1 to 10 ug/ml (0-83-8-3 uM).? More recent studies 
have shown some inhibitory effects of cyclosporin on human epidermal cells at similar levels but 
only in serum free medium. '° 

The results of this study show that cyclosporin inhibits the growth of human epidermal 
keratinocytes in serum-containing medium, when exposure is continuous over a period of 
several days. Previous studies'° were not able to demonstrate effects in the presence of serum. 
This may have been due to the shorter exposure to cyclosporin (48 h) or the inherent 
unreliability of using ["H]-thymidine-uptake as a measure of epidermal cell growth.'!-!? Other 
workers have found cyclosporin to inhibit growth in long-term culture in the presence of serum 
using A431 cells.” As demonstrated with fibroblasts, the concentration of serum can affect the 
dose-response curve for cyclosporin. This, together with the inevitable inter-laboratory 
variation in culture techniques and experimental design, probably explains the failure of some 
attempts to demonstrate cyclosporin effects in vitro. 

The inhibition of epidermal keratinocyte growth by cyclosporin seen in this study was 
comparable to that noted with the cytotoxic drug, cis-platin. The lack of effect of methotrexate 
may be due to the active thymidine-salvage pathway present in keratinocytes.!3 The levels of 
cyclosporin needed to produce the effect in vitro were comparable to those measured in skin 
samples taken from patients receiving systemic treatment, 1-3 ug/ml (0:83-2:49 M).!° This 
suggests that cyclosporin may act in vivo in patients with psoriasis partly by a direct effect on the 
epidermis. 

The mechanism of the observed growth inhibition of human epidermal keratinocytes by 
cylcosporin is not clear. It has recently been reported that severe intra-uterine growth 
retardation occurs during treatment with cyclosporin.'* It may be that cyclosporin has growth 
inhibiting properties as well as its immunoregulatory effects. It has been reported that direct 
inhibitory effects on keratinocytes can be demonstrated in human skin grafted onto athymic 
mice.'” Alternatively cyclosporin may have some effect on differentiation, and an isolated report 
has indicated that cyclosporin may be effective in ichthyosis.'° Although in our study some 
morphological changes were observed by phase-contrast light-microscopy, no significant 
ultrastructural abnormalities could be seen in the cyclosporin-treated keratinocytes. No effect 
on the in vitro differentiation, as judged by the SDS-PAGE polypeptide pattern, could be seen. 

In contrast to the above findings of growth inhibition with continuous exposure to 
cyclosporin, short-term exposure did not effect the growth rate. This suggests that the action of 
cyclosporin on keratinocytes is more likely to be an intracellular and perhaps a multi-stage 
process, possibly by interaction with a cytosolic binding protein such as cyclophilin,'’ rather 
than by some direct membrane effect such as can be demonstrated within minutes in 
lymphocytes.'® An alternative interpretation is that there is a direct effect on the membrane but 
that this is rapidly reversed upon exposure to cyclosporin-free medium. 

The finding of growth inhibition of human epidermal keratinocytes in vitro at levels 
comparable to those found im vivo after systemic therapy,'° makes it seem likely that a topical 
preparation of cyclosporin would be clinically useful in psoriasis. However, preliminary studies 
of topical cyclosporin in psoriasis have been disappointing, '”?°, although intralesional 
treatment has been reported as successful.?! Topical cyclosporin has been shown to be effective 
in the suppression of allergic type dermatitis’? and it may be that the vehicle chosen in the 
psoriasis studies was not the optimum for a highly lipophilic molecule such as cyclosporin. 
Further studies are needed to determine the rates of release and skin levels after topical 
application before any final conclusion as to the usefulness of topical cyclosporin can be drawn. 
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SUMMARY 


The presence of eosinophils and eosinophil cationic protein (ECP) in the involved and non- 
involved skin in patients with psoriasis was studied using a polyclonal antibody specific for ECP 
and a monoclonal antibody (EG2) specific for activated eosinophils and secreted ECP. ECP 
immunoreactive eosinophils were found in all the specimens from involved psoriatic skin. In 
new lesions in patients with rapidly progressive disease, intense ECP immunoreactivity was 
detected both intra- and extracellularly, particularly in the upper third of the epidermis and 
usually in association with granulocytes. In stable or slowly progressive lesions, less ECP was 
observed. The EG2-immunoreactivity was positive in the same areas. ECP was also determined 
in suction-blister fluid from lesional and non-involved skin in psoriasis patients and in healthy 
subjects. The ECP concentration was greatly elevated in the fluid from lesions in patients with 
more acute and progressive disease. 


Neutrophil granulocytes, monocytes and lymphocytes have been implicated in the pathogenesis 
of psoriasis. The role of eosinophils in psoriasis is unknown and these cells are rarely seen in 
routine stained sections of lesions of psoriasis.! A slight increase in the number of circulating 
eosinophils has been reported in patients with chronic, widespread psoriasis, particularly those 
with arthritis.” 

The eosinophil is a potent pro-inflammatory cell able to phagocytize and migrate with 
cytotoxic? and neurotoxic effects.° The granules of this cell contain a number of proteins: 
eosinophil cationic protein (ECP), eosinophil peroxidase (EPO), eosinophil protein X (EPX, 
which is equivalent to eosinophil-derived neurotoxin, EDN) and major basic protein (MBP).* 
Increased amounts of ECP or MBP in the circulation or in the tissues have been shown to reflect 
an increased turnover and/or increased tissue activity of the eosinophils.© The major part of the 
mature pool of eosinophils is found in the tissues and less than 5% is present in the circulation.” 

Difficulty in identifying activated eosinophils with routine stains has been encountered®”? but 
detection has been facilitated by the development of antibodies to ECP, EPO, EPX and MBP. 
With monoclonal antibodies directed against ECP/EPX in activated eosinophils but not the 


Correspondence: Dr A.Lundin, Department of Dermatology, University Hospital, S-751 85 Uppsala, Sweden. 
181 


a A.Lundia 2t ai. 


stored forms of ECP, it is now also possible tc discriminate between mon-activatecd.and activated 
eosinophils.” 

The initial aim of this study wes to determme whether the ECP levels in the segam could give 
any indication of involvement of eosmophils in psoriasis and pustulosis palmopiantaris (PPP). 
Having found increased levels of ECP in the semim o7 such patients, we investigated whether 
ECP could also be detected loca ly im psoriatic skim. 









MET Bees 


Subjects for measurements of ECP and total numbes of circulating eosanophils 

Psoriasis patients. This group comprised 35 fatienss (20 female, 15 male; age range 16-65 
years, mean 35 years) mainly wich nummuler amc pleque psoriasis. None of the patients had 
guttate lesions. At the time of blood sampling 12 patients hed less than 5°, involvement of the 
skin surface. In two the skin was almcst erythrodermic and the remaining patient: had 10-40", 
involvement of the skin with psoriasis. Two patients wath moderate osoriasis hac a past history 
of mild arthritis but this was quiescent. None of “+e petients were om any systemic therapy and 
no topical steroids had been used in che z weeks orior to the study. 





Pustulosis palmoplantaris patieats. This group censisted of 13 females and three males, aged 
24-72 years (mean 47 years). The ciagnosis was based om the typical clinical picture with 
recurrent yellowish-brown sterile pustules on the palms and soles. None of the patients had any 
lesions elsewhere. Four patients were considered <> have miid PPP, nine to have moderate and 
three to have severe PPP. None of them were cm any systemic treatment at the time of blood 
sampling. 


Control group. This group consstec of 19 healthy subjects ‘12 male, 7 female; 25-41 years old, 
mean 31 years) without any infection and who were receiving no medical treatment. They had 
no past history of allergic asthme, rhunitis, conjumctiv-tis or atopic dermatitis. 


Subjects for studies of ECP and activated eosimophus m skin biopsies 

Skin biopsies were performed on 11 psoriasis pasents without any oint symptoms (Table 1). 
Four patients had active progressive mummu/ar cr plague psoriasis with an increasing number 
of lesions during the last weeks. One patient (Ne. 14) had labile erythrodermic psoriasis with 
some pustulation. Five patients had a more slowly progressive type cf psoriasis and one patient 
had thick, scaly stable plaques. 

In three patients (Nos 6, 13 and 14) two to three biopsy specimens were taken. In patient No. 6 
the two lesions were cf the same appearance ard p-cbably of about the same age (a, 5). In patient 
No. 14, one biopsy specimen was from an area ween pustules (a) and two were frem areas with 
erythematous papules (b and c). Ia patient Nc. 13. ene specimen was from a small new lesion (a) 
and one from an older plaque (b. 

For comparison, skin biopsy specimens were t&ms 
years. 


“a from two healthy women aged 20 and 47 





Subjects for determination of ECF in suction blister fluc 
Suction blisters were raised on involved and/or nor.-involved skin in psoriasis patients Nos 3-12 
(see Table 1). For comparison, sucticn blisters were raised in six healthy subjects aged 27-47 


years (mean 31:7 years) on abdomine! skin. Suction blisters were produced according to the 
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TABLE 1. Data on the psoriatic petients from whom the biopsy specimens 
(patients Nos 1, 2, 4-7, 10-14) and blister fhrid (patient Nos 3-12) were collected 








ECP in blister fluid 
Psociams Involved Uninvolved 
Patient involved skin skin ECP m serum 
No. Age Sex skin (%) (ug/T) ug/l) GED 
I 62 M 20 sp — = = 
~ 2 65 F 5p = S = 
3 3I F 10 sp 43 mcd 46-0 
4 42 F 5-10 sp 108 7o 2'I 
5 30 M 2072583 = 3°4 71 
6 22 F 30-40 $p 139 4°4 30°0 
7 20 Mi «10-15 8p 14 1 a6 16 6 
8 27 M toa 22-0 —_ — 
9 43 M 10a 300 _ = 
I0 6I M 20-258 390 29 50 
II 35 M 40a 350 90 s560 
I2 60 F 308 _~ 4°0 II0‘O 
13 47 M 30-408 — _ 50-0 
14 s M >75¢ = i a 





sp = slow progression, psoriatic lesions during the last month. 
s=stable psoriasis. 

a= more active progression, psoriatic lesions during the last weeks. 
e=erythrodermic psoriasis with pustules. 


method of Kiistala!’ with a suction power of 200-300 mmHg and the fluid was collected after r- 
3 h and stored at — 20°C. 


ECP assay tn serum and blister fluid 
Blood samples were taken and serum separated off 1 h after complete coagulation. The serum 
was frozen and stored at — 20°C. 

ECP was measured by a radioimmunoassay as described by Venge.'! Standard solution or 
sample (0-1 ml) was incubated with o-5 ml Sepharex-bound anti-rabbit ECP for 2 h before 
addition of o-1 ml 17°] ECP (40 000 c.p.m.). The incubation was then continued for 20 h at 22°C 
during rotation. Thereafter the sample was washed four times in 0'9% NaCl containing 0-2% 
cetyl methylammonium bromide (CTAB). The radioactivity of the pellet was determined in a 
scintillation counter. 

The blister fuid was diluted in assay buffer 1:4 and the ECP concentration was measured 
with the same method as ECP in serum. 

The sensitivity of the assay was I ug/l and the analytical error (coefficient of variation %, 
CV%) was 69%. 


Total eosinophil count in the blood. 
The total number of eosinophils in the blood was determined with a Technicon Hr a TA 
(Technicon Instruments Co, Tanytown, NY, U.S.A.). 
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Skin biopsy specimens 

The specimens (3 mm) were fixed: for a h im fresha, paratorn 
buffered saline (PBS) at pH 7-4, anc embedded 





aldehyde dissolved in phosphate- 
n paraffin. Serial 6-um thick sections were 
shosphatase or haematoxylin-eosin. Two 
antibodies, polyclonal ECP ‘directed against stcrage amd secreted forms cf ECP) and 
monoclonal EG2 (directed agains: ECP and EPX ir act vated eosinophils and secreted proteins) 
were used. The production and purificetion of ECP and EG2 antibodies were as previously 
described.” ? 





The immunoperoxidase method and perexrdase—anit- perexicase (PAP) procedure 
The PAP procedure was used for detection of the ECF anzibodies. For the immunoperoxidase 
method the endogenous peroxidase activity was biecked by so ml of 3°, hydrogen peroxide in 
200 ml of absolute methanol fer 20 main. The secz.ons were then gently rinsed in buffer. After 
soaking for 30 min in Tris-buffered saline (TBS), pH 7 4, containing 1%, Triton ®-100 (Sigma 
Chemical Co, St Louis, MO, U.S.A., Triton- TBS), sections were exposed to a 1‘, solution of 
swine serum for 30 min, to reduce non-specific backgrourd-staining, rinsed briefly in Triton- 
TBS and exposed te optimally diluted antiserum (polyclonal rabbit ECP antibody diluted 
1:2000) for 20 h at 4°C followed by 2 b of re-equiibrat.on at room temperature. The site of the 
antigen-antibody reaction was demonstrated by tne FAF procedure of Sternberger.'* Some 
sections were counterstained with Harris haematoxylin. 

Conventional positive and negative staining certrols as detailed by Sternberger,'* absorp- 
tional (specificity) controls (40 we ECP in 1 ml diutec antibody) amd replacement of primary 
antibody by non-immiune rabbit serum were carmed out. 





The APAAP procedure (alkaline phosthatase mowscioral cnti-alkaline phosphatase complex ) 
The APAAP procedure was used for detection of the Ex32 antibodies. Sections were incubated 
for 30 min at room temperature with the primary mouse monoclonal antibody EG2 (TriChem, 
DK-2830 Virum, Denmark). After a snort rinse (F1, Triton- TBS), anti-mouse immmunoglobu- 
lin (Dakopatts dilution 1:25) was adced, and the sections were incubated for 30 min at room 
temperature. The sections were then washed in 1”. Tr.ton—TBS for 2 min and incubated with 
the APAAP complex (Dakopatts, Dake Corperat:on, Santa Barbara, CA, U.S.A. at a dilution 
of 1:50 in a moist chamber at room temperature. On ticubstion with an alkaline phosphatase 
substrate (Naphthol AS-MX phosphate and fast red TR salt with levamisoie to inhibit 
endogenous alkaline phosphatase , a red colour deve oped Conventional positive and negative 
staining controls and replacement cf the primary antibody (EG2) by mouse monoclonal 
antibody of the same subclass (igG1) were used as controls. Observations of a strong correlation 
between the two antibodies (the polyclonal ECP artibody and EG2) have recently been 
published.'” 





Statistics 

For circulating eosinophils and HCP in serum, anelysis of variance was used and based on 
logarithmically transformed data. The sex of the patients and subjects and the group affiliation, 
and any correlations between these were taken imte account in the analyses. 

For ECP in suction-blister fuid the following comparisons were made: (a) control skin vs. 
non-involved psoriatic skin; (b) control skin vs. psoriacic ¢s:ons; ‘œ psoriatic lessons vs. non- 
involved psoriatic skin and (d) lesions in active progressive psoriasis vs. lesions in slowly 
progressive or stable psoriasis. For each comparison a test of normality was performed.'* If the 
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hypothesis of normality could not be rejected, the two-sample t-test (a, d) or the matched-pair t- 
test (c) was used, depending on the data structure. If normality could not be assumed, the 
Mann-Whitney U-test (b) was applied. 


RESULTS 
ECP în serum . 
There were no significant differences in the geometric mean of ECP in serum between men and 
women. 

An almost significant difference between the groups was found when sex was taken into 
account (P = 0-053). Further analyses showed that the psoriasis and PPP patient groups were 
quite similar regarding ECP levels in serum. In the PPP group the geometric mean ECP in 
serum (28-2 g/l) was significantly higher than that of the control group (16-5 ug/l, P=o-o19). A 
comparison of the geometric mean in the psoriasis group (24:3 ug/l) with that of the control 
group showed a tendency in the same direction (P= 0-098). The individual values are shown in 
Figure I. 


Total number of circulating eosinophils 

‘There was no significant difference between the geometric mean number of eosinophils in the 
psoriasis (=156x 10°/l, SE=1-13, n=35), PPP (x=173 x 106/1, SE=1-13, n=16) and 
control group (= 135 x 10°/1, SE = 1-10, n= 19). 


Correlation between ECP and total number of circulating eosinophils 

A relation was found between the total number of circulating eosinophils and ECP in serum; in 
the psoriasis group r=0-54, P<o-oo1 and the PPP group r=o0-48, P<0-05. No significant 
relation of this Kind was seen in the control group. 


ECP in suction-blister fhad 

(a) There was no significant difference as regards the mean concentrations of ECP in blister 
fluid in controls (x = 6-0 ug/l) and in the uninvolved skin of patients with psoriasis (x= 4:2 ug/l). 

(b) The ECP concentration in blister fluid from lesional psoriatic skin (median 18-1 ugj1) was 
significantly higher than in the blister fluid from normal control skin (median 6:1 ug/l, 
P=0-012) (Fig. 2). 

(c) The concentration of ECP in blister fluid from lesional psoriatic skin was significantly 
higher than that in blister fluid from uninvolved skin in the same patient (mean difference = 18-2 
ug/l, P=0-03) (Fig. 2). . 

(d) When the mean concentration of ECP in blister fluid from involved skin in active psoriasis 
(X= 31°5 ug/l) (progressing during the last weeks) was compared with that in blister fluid from 
lesions in more slowly progressing and/or stable psoriasis (x = 10°8 ug/l), a significant difference 
was found (P=0:005; Table 1). 


ECP tn skin biopsy spectmens 

The specimens from the psoriatic lesions could be divided into three groups with regard to the 
histological pattern (Table 2). ECP was present in all of the 15 specimens from lesional skin, but 
its location seemed to vary between the three histological groups. These groups differed from 
each other with regard to the presence of granulocytes, but all showed parakeratosis, with an 
absence of the granular layer and acanthosis. Activated eosinophils and secreted ECP, as 
evaluated by the presence of EG2, were observed in 11 of the 15 specimens. 
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TABLE 2. Number of eosimophils per section stained only with haematcxylin and eosin 

(H-E) and the degree i+ to + + + —, see text) of ECP-and EG2-immunoreactive 

sites in the immunonhistochemically scained seeticas from lesional psoriasis skin. The 

same patient numbers as in Table 1 are usec, a-e indicate biopsies from the same 

patient. Depending or the histo ogice} findings the specimens weredixided into three 
groups (I-i 
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FIGURE 1. The individual ECP concentratens in serum m the healtlay. control group (Con), the psoriasis 
group (Pso) and the group of patents with pustu.osis palmoplantaris (PPP). Hor-zontal bars indicate the 
geometric means. 
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FIGURE 2. The individual ECP concentranons in bluster fwd from healthy control skin and from 
uninvolved and lesional skin of psoriasis patients. The lines connect dots representing the same patients. 


The first pattern (group I) was observed in seven of the 15 specimens. In the haematoxylin 
and eosin-stained sections there were small groups of granulocytes and microabscesses in and 
below the stratum corneum. Occasionally an eosinophil granulocyte could be seen in the 
stratum corneum. In the upper dermis there was a perivascular lymphohistiocytic infiltrate. 
Some neutrophils and, exceptionally, one or two eosinophils were observed in the upper part of 
the dermis. 

The number of cells reactive to ECP antibody and EG2 antibody, and extracellular deposition 
of granuloproteins in each section were graded from o to +.+ ++ (+ indicated just a few 
immunoreactive cells or aggregates of extracellular scattered ECP/EPX, + + meant five to 15 
groups of extracellular ECP/EPX and a few immunoreactive cells, and + + + + indicated more 
than ro immunoreactive cells and over 40 groups of extracellularly deposited ECP/EPX; see 
Table 2). ECP was observed in association with groups of granulocytes in the stratum corneum 
and in the upper third (Fig. 3) of the stratum spinosum, but usually not in the lower two-thirds 
of the epidermis. The precise extracellular location of the ECP in relation to the observed 
granulocytes could not be determined. ECP was also observed in the papillary and uppermost 
layers of the non-papillary dermis (Fig. 4), sometimes in relation to the lymphohistiocytic 
infiltrate. In this first group the amount of ECP detected was +++ to + +++. 

EGz2 was observed in the same areas as ECP antibody but in small amounts, with + + to 
+ + + reactions in each section. The number of eosinophils found at routine histological 
examination was always much smaller than the number of ECP-immunoreactive sites in the 
sections. 

Patient No. 14 with an acute erythrodermic type of psoriasis and with pustulation, had the 
greatest deposition of ECP and of activated eosinophils in the biopsies of erythematous papules 
(Figs 5 and 6). In another biopsy of a pustule from this patient there were streaks of ECP- 
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FIGURE 3. Biopsy No. 13a. ECP visuatized with the PAP procedure counterstained with Harris’ 
haematoxylin. Large amounts of ECP in stratum cornecam. ECP is also deposited in dermis ‘see also 


Fig. 4). 





FIGURE 4. ECP immunoreactive cellsand eggregates of exvacellular y scattered ECP in the dermis (same 
specimen No. 13a as m Fig. 3) ( x 62). 
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FIGURE §. Specimen (No. 14b) from a fresh erythematous papule showing large amounts of ECP deposits 
in the upper part of the epidermis and in the papillary and uppermost layer of the non-papillary dermis. 
PAP and counter-staining Harris haematoxylin. ( x 120). 





FIGURE 6. The same specimen (No. 14b) as in Fig, § stained with the APAAP procedure to visualize 
activated eosinophils and secreted ECP. EG2 antibodies are observed in the same areas as ECP antibodies 
but in smaller amounts ( x 120), 
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positive staining through the epidermis from the papillary dermis to pustules in the stratum 
corneum (Fig. 7). 

The second pattern (group II) observed in the Sacmatoxy lin and eosin-stained sections of six 
of the 15 specimens was characterized by a lack of granulocytes in the parakeratotic stratum 
corneum, and no microabscesses. No more than =o cosmephils were observed per section. In 
the dermis there was a perivascular lymphohistiseytic infiltrate. The ECP reaction was + to 
+ + + and was located in the parakeratotic stratum corneum and in the papillary and reticular 
dermis. In four of the six ECP-positive biopsies Et;2-:mmunoreactive cells and secreted ECP! 
EPX were also observed (+ to + 4 ) 

A third pattern (group III) was noted in two ef the 1§ specimens. The stratum corneum was 
parakeratotic, but areas of orthokeratosis and a gramuar layer were also present. There were no 
granulocytes in the stratum corneum. In the derm=: a few granulocytes were seen and one of the 
two patients also showed a few eosinophils. The ECP reaction was weakly positive (+ to + +) 
in these patients and the positive areas were onh observed in the papillary and subpapillary 
parts of the dermis. In the specimens with pattem 3 no reaction to EG2 was found. 


Specimens from uninvolved psoriatic skin and skin cl healthy subjects 

Neither ECP nor activated eosinaphils, as evaluated oy the presence of EG2, were found in the 
uninvolved skin from either the psoriasis patients or the healthy controls. No eosinophils were 
observed in the skin sections. 





FIGURE 7. Specimen (No. 14a) froma macroscopically v » blepustule demonstrating streaky pathways of 
ECP positive sites through the epdermis from the pepillagy dermis to the pustules in the stratum 
corneum. PAP and Harris’ haematoxylin 
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Relation of clinical findings to ECP in serum, blister fluid, and biopsy spectmens 
Neither the serum level of ECP nor the number of eosinophils in the blood, except in two 
patients with severe disease, were related to the clinical condition as judged by the degree of 
erythema, the number of pustules, scaling or skin area involved. One almost erythrodermic 
patient had 552 x 10°/] eosinophils in the blood and the highest level of ECP in the serum (156 
ug/l) and one PPP patient with over 700 pustules on the soles and palms had increased ECP in 
the serum (124 ug/l). 

The highest concentrations of ECP in suction-blister fluid were found in blisters from 
patients with active and progressive psoriasis. It was not possible to examine the relationship 
between the amount of ECP in the sections and the age of the psoriatic lesion, as the exact age of 
the lesions was not always known. Patient 14, with the most acute psoriasis, had the largest 
amount of ECP in stratum corneum whereas patient § who had the most stable psoriasis, had no 
epidermal deposits of ECP. l 

There was no relation between the serum and the blister fluid ECP. Nor was there any relation 
between the serum ECP, the number of circulating eosinophils and-the number of ECP- 
immunoreactive cells and the amount of extracellularly deposited ECP in the biopsy specimens. 


DISCUSSION 


In recent years it has become clear that eosinophil granulocytes are present in the tissues in 
various diseases®” 1? to a greater degree than may be evident from routine staining of biopsy 
specimens. Eosinophils that have degranulated and extracellular deposits of granule proteins are 
difficult to detect in routinely stained sections. The methods used in this study for detection of 
eosinophils and ECP are based on immunohistochemistry with the use of two types of 
antibodies: polyclonal ECP antibodies that react both with intracellular and extracellular ECP, 
and monoclonal EG2 antibodies, that react with ECP/EPX in activated eosinophils and secreted 
proteins. Their specificities have been checked in detail and reported.” ? ECP was observed in 
all specimens from psoriatic lesions (either as ECP immunoreactive cells or extracellular deposit 
of ECP without associations with cells) and at many more sites than where eosinophils were 
detected by haematoxylin and eosin staining. Although the number of biopsies was limited, the 
results indicate that more ECP is found in those specimens with large numbers of granulocytes 
in the upper part of the epidermis. In the dermis from uninvolved skin no eosinophils or ECP 
deposition were found. The mechanism for the migration of eosinophils towards the stratum 
corneum is unknown. However, the eosinophil chemotactic factors, PAF, Csa and LTB4, are all 
known to be present in psoriatic epidermis.'*'© Several other factors such as eosinophil 
chemotactic factors (ECFs) and eosinophil stimulation promotor (ESP) have also been 
reported* to stimulate eosinophil migration, but their presence in psoriatic lesions has not been 
reported. 

Activated eosinophils and secreted ECP/EPX were found in the same areas as ECP, detected 
by the polyclonal ECP antibodies, but with a weaker expression. This may indicate that only 
part of the eosinophils in the lesions were in fact activated, and that the process of activation 
probably takes place in the skin. However, differences in affinity and avidity are important in 
explaining the weaker expression of activated eosinophils. Granule proteins from eosinophils 
(ECP and/or MBP) have recently been demonstrated in the dermis of patients with urticaria 
using similar techniques.'7-!8 Similarly, they have been found in Wells syndrome,'? atopic 
dermatitis and in onchocerciasis.® The dermal deposits of the eosinophil granule protein were 
mainly extracellular and there were no epidermal deposits of eosinophil granule proteins. 


X 
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The involvement of eosinophils in psoriasi was alse studied by the measurement of ECP in 
suction blister fluid. In all the contrels except ere and in the uninvolved skin of the psoriasis 
patients, the concentration of ECP ir the blister “uid was lower taan in serum. 

Blisters were produced beth in patients wits actrve psoriasis and in those with slowly 
progressive lesions. The mean ECP concentraten in blister fluid from the lesions of active 
patients was about three times higher than in the blister fuid from uninvolved skin. It seems 
probable that most of the ECP is derwed from a xal mcrease in eesinophils, as judged by the 
presence of ECP in the epidermis and dermis in the mopsy specimens. Although there seemed to 
be no relation between the level of ECP in blister’ uid.and that in the serum, the possibility of 
increased leakage of circulating ECP through the mapilary vessels.cannot be ruled out. 

The role played by eosinophils in inflammatory reactons is not yet established but it has been 
suggested that eosinophils may have a modulatory action.*'” ECP aad other eosinephil-derived 
proteins may also have different dioloegical etfects at cifferent concentrations. Studies on the 
effects of ECP on lymphocytes have indicated that a may increase suppressor cell activity.*° Itis 
conceivable that ECP in the concentrations observed in the blister fluid may influence the 
activity of lymphocytes both m «wo and in varo. 

Stimulated eosinophils can preduce 15-HETEs.’* 15-HETE has been observed together 
with 12-HETE in psoriatic lesions. Both compour:cs were found in hagher concentrations in the 
upper part of the lesions.*' Injected <5~-HETE kas been reported to have a healing effect on 
psoriatic lesions.2? Whether the ecsinephils obseredin dermal and epidermal lesional psoriatic 
skin may produce 15-HETE in biologically relevant amounts, e.g. to modulate the inflamma- 
tory reaction, is unknown, but th:s pessibility cammot be exciuded. 

Eosinophil products and especially ECP have cytotoxic properties that may give rise to tissue 
damage, as seen in Wells syndrome, cosinophilx cystitis, inflammatory bowel diseases and 
Léffler’s endomyocardial disease.‘? Im this study we found increased amounts of eosinophils 
and ECP in psoriatic lesions and it seems likely taat eosinophils are involved in the psoriatic 
process. 
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SUMMARY 


Phenylethanolamine N-methyltransferase (PNMT)-like immunoreactivity has been found in 
psoriatic skin and in this study, PNM T-like immunoreactivity was investigated in the involved 
and uninvolved skin of six patients with lichen planus and four patients with lichen simplex. No 
PNMT immunoreactivity was observed in these diseases. Studies were carried out using 
cultured fibroblasts from two patients with psoriasis from uninvolved and involved areas of skin 
and from two controls using antibodies to PNMT, as well as antibodies to the chemical 
messengers somatostatin, substance P, parathyroid hormone and peptide histidine isoleucine 
amide. No immunoreactivity to these substances was found, and fibroblasts are unlikely to be 
the cellular origin of the PNMT-like immunoreactivity as seen in psoriatic skin. 


In a previous study,’ phenylethanolamine N-methyltransferase (PNMT)-like immunoreacti- 
vity was found in the dermis and epidermis of the involved skin in psoriasis. The increase was 
10-fold in involved skin as compared to that in the uninvolved skin, and normal skin contained 
no PNMT-like immunoreactivity. No immunoreactivity to the other catecholamine synthesiz- 
ing enzymes (tyrosine hydroxylase, dopa-decarboxylase, and dopamine-f-hydroxylase) could 
be found, apart from tyrosine hydroxylase positive sympathetic nerves.! 

In this investigation, the specificity of the PNMT-like immunoreactivity as found in psoriasis 
was evaluated and other dermatoses were investigated. Lichen planus and lichen simplex were 
chosen since they are both inflammatory and hyperkinetic disorders,** and in both the involved 
skin can be clearly distinguished from uninvolved areas. Immunofluorescence* was performed 
on thin sections of tissue using antibodies against PNMT and analysed using computer-assisted 
image~processing techniques. 


: Dr O.Johansson, Department of Histology and Neurobiology, Karolmska Institutet, Box 60 400, 
104 01 Stockholm, Sweden. 
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7 z own, aut the aval phe of the 
immunoreactive prables resem abled brob! biasts. a cultuzes were also studied for 
immunoreactivity to PNMT. The chem: sngers somatostatin (SOM), substance P (SP), 
peptide histidine isoleucine amide ( FE HD ), and parathyroid hormone (PTH) were investigated 
for screening purposes, since neuropeptides have been suggested te play an important role in 
psoriasis.°-* It should be noted that certain dermal factcrs also seem to be of importance for 
epidermal growth in vitro, ° '° 











Subjects 

Six patients with lichen planus and four patients with lichen simplex were investigated. Data 
concerning the patients are Pa in Tabl 1. Sixteen patients wih psoriasis and six healthy 
controls from the previous study! ace included for comperison. The biopsies for fibroblast 
cultures were taken from both the iavolved and uninvolved skin əf two untreated psoriatic 
patients (two males, 28 and 79 yeers old, duration of disease o 5 and 30 years, respectively), and 
from two healthy controls (two males, 25 and 3e years old’. No oral or topical treatment had 
been given to the patients in the 4 weeks pricr to biopsy. Human and rat adrenal medulla were 
used as positive controls. 


Antisera 

Antibodies to PNMT,'' SOM," SP. ° PHI,'* ead PTH were generated in rabbits, goats and 
chickens. The anti-PTH was a commercial antiserum from the Nichols Institute, Los Angeles, 
CA, U.S.A. The same batch of PNMT antiserum was used as in the earlier study? and normal 
serum or blocked antiserum was used Yor controls. The antisera used showed no cross-reactivity 
with other substances in the radioirumunologice! er immunohistechemical tests. However, 
cross-reactivity with known, untested substances. or with unknown proteins/polypeptides/ 


TABLE 1. Patient and contre! groups: clinical summary and PNMT-like immunoreactivity as 
characterized by computer-essisted image analysis 


















Lichen Lichen 
Psowiasis® planus accel Ceantrol* 

Clinical summary 

No. of patients zi 6 4 6 

Sex (M/F) G 3/3 2/2 3/3 

Mean age and range (years: 43 (E74) G2 (20-63) 50 (44-64) 30 (24-37) 

Mean duration of disease andvange(vears) 14 (03-37) 1-4 (003-34) rol 2-20) — 
Results 

PNMT-LI, t volume deamsse 

(°p; mean (SEM), iavolłvyed «kin 452 e30) coo oco — 

PNMT-LI,t volume density 

(°.3; mean (SEM), uninvebved skin 6-63 §C- O03) £00 oco 2:00 





* Previously reported. ’ 
t Phenrlethanolamine N-methyltransferase-ake immunoreactivity. 
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peptides present in the tissue sections, with a chemical composition similar to PNMT cannot be 
excluded and therefore the term ‘PNMT-like immunoreactivity’ has been used in the text. 


Preparation of tissue 

Punch biopsies (3 mm) were taken under local anaesthesia with lidocaine without epinephrine 
from the involved and uninvolved skin (minimum distance to involved skin 4 cm). The biopsies 
were immersed for 2 hina solution of picric acid and formalin. The tissue was then rinsed for at 
least 24 h in œr M SOrensen’s buffer containing 10% sucrose, 0:01% NaN,, and 002% 
Bacitracin (Sigma Chemical Co. St Louis, MI, U.S.A.), and 14 um sections cut using a cryostat 
and processed for indirect immunohistochemistry as previously described. !* 


Fibroblast cultures 

‘The fibroblast cultures were established from 3 mm punch biopsies. The cells were propagated 
in Earle’s modified Eagle culture medium (EMEM, Flow Laboratories, Irvine, Scotland, U.K.) 
containing 10% human A serum, 100 IU/ml penicillin, 100 ug/ml streptomycin, 0-25 ug/ml 
Fungizone (Gibco, Paisley, Scotland, U.K.) and 2 mM L-glutamine (Gibco) and used after nine 
passages. Final growth took place on coverslips that had been placed at the bottom of 60-mm 
Petri dishes. The fibroblasts were incubated in a humid atmosphere of 5% CO, and 95% air at 
37°C. 


Immunohistochennstry of sectioned biopsies 

The sections were incubated, with the antiserum or control serum diluted 1:800 in oor M 
phosphate-buffered saline (PBS), overnight at 4°C in a humid atmosphere, rinsed in PBS for 10 
min with three changes, then incubated for 30 min at 37°C with fluorescein—isothiocyanate 
(FIT C)-labelled anti-rabbit serum (Boehringer Mannheim Biochemicals) diluted 1:10, rinsed 
as before and mounted in glycerine/PBS (10:1) containing 0'1% p-phenylenediamine. As an 
additional control, certain sections were incubated only with the second antiserum. All antisera 
contained 0:3% Triton X-100. The sections were studied and photographed using a Zeiss 
fluorescence microscope equipped with a dark-field oil condenser and a HBO 200 high pressure 
mercury lamp with a 3 or 4 mm Schott BG12 or a KPS500 as excitation filter and a Zeiss 50 or 
LPs520 as barrier filter. 


Immunohistochemnstry of cultured fibroblasts 

The medium was removed and each coverslip was covered with a solution of picric acid and 
formalin, then rinsed in 0-1 M Sérensen’s buffer with sucrose, NaN,, and Bacitracin (see above). 
The coverslips were then incubated, with the antisera diluted (PNMT: 1:800; SOM: 1:400; 
SP: 1:200; PHI: 1:400; PTH: 1: 400; control sera: corresponding dilutions) in PBS, overnight 
at 4°C in a humid atmosphere, rinsed.in PBS for 15 min, then incubated for 30 min at 37°C with 
FIT C-labelled anti-goat, anti-chicken (Nordic Immunology), or anti-rabbit (Amersham 
International) serum diluted 1:10 and rinsed as described in the previous paragraph. All 
antisera contained 0-3% Triton X-r100. The cultures were then studied using a Zeiss 
microscope. 


Computer-assisted image processing 
Representative sections from each lichen planus and lichen simplex patient were analyzed 
further by a computer-based image-processing system (IBAS, Zeiss/Kontron) using grey-scale 
high-resolution algorithms.?:17-1® 
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have several features similar to those seen in psoriasis. This suggests that immunoreactivity to 
PNMT may be specific for psoriasis. A decrease of f-receptors was recently reported in 
involved psoriatic epidermis as compared to controls.'’ This suggests that the observed increase 
in PNMT-like immunoreactivity is secondary to a defect or a decrease of the total number of 
ligand-binding sites for epinephrine in the psoriatic epidermis. However, it has not yet been 
shown whether this decrease of f-receptors is specific for psoriasis. 

In our previous study? PNMT-like immunoreactivity was confined to cellular structures in 
the upper dermis. The density of cellular structures was high, though the type of cell was 
unknown. However, the oval shape of the immunoreactive structures had some resemblance to 
fibroblasts and fibroblast cultures were therefore studied for their PNMT-like immunoreacti- 
vity. The fibroblast cultures obtained from involved or uninvolved psoriatic skin showed no 
PNMT-like immunoreactivity. This makes it unlikely that fibroblasts are responsible for the 
dermal pattern of PNMT-like immunoreactivity as seen in psoriasis. It has been suggested to us 
that the relevant cell type may correspond to the factor XIIIa* dermal dendrocyte that has 
recently been reported and which is increased in number in the upper dermis in lesions of 
psoriasis. 151? 

The catecholamine pathway is enzymatically represented in the skin and dopa-decarboxylase, 
dopamine-f-hydroxylase and catechol-O-methyl-transferase have been reported.?°-*? It is 
possible that this catecholamine pathway is involved in a paracrine catecholamine secretory 
function in the epidermis and further studies are indicated to determine the importance of 
catecholamines and catecholamine enzymes in the pathogenesis of psoriasis. 
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SUMMARY 


Serological studies using indirect immunofluorescence, double immunodiffusion and im- 
munoblot with recombinant Topo J and kinetochore antigens were performed in 180 patients 
with systemic scleroderma. In the sera of Io patients, we found coexisting ACA and Scl 70 
antibodies, ard this was confirmed by all three methods. The relationship between the 
coexistence of these antibodies and the clinical features of the disease is not clear, although in all 
- these cases there was pronounced vascular involvement. 


The recognition of the antinuclear antibodies specific to systemic sclerosis (SSc): ACA and Scl 
70,1! is of special importance since these antibodies are found to be markers of different subsets 
of the disease.'?-9 ACA is a marker of a more localized form of SSc in which there are few 
cutaneous indurations,’ and is referred to as the CREST syndrome (calcinosis, Raynaud, 
esophagus, sclerodactyly, telangiectasia). This was regarded as a benign variant of SSc but 
several cases have been reported with severe vascular and systemic involvement and some witha 
fatal outcome.*®”"? The frequency of detection of ACA varies from 25 to 96%.'7***79 In a 
previous study of 114 patients we found ACA in only 25% of those with the limited form of the 
disease, but in 52% of those with cutaneous indurations limited to the digits.” In a larger series 
of 140 patients with limited disease, ACA was found in 25-7% (unpublished data). 

Scl 70 was initially described as an antibody characteristic of diffuse scleroderma. t? The 
frequency of detection of Scl 70 in diffuse scleroderma ranges from 18 to 67%.178-19 In a 
previous study of 107 SSc patients we found Scl 70 in about 50% of all cases and in 77% (30/39) 
of these with the diffuse variety.® In a larger series of 252 patients, Scl 70 was detected in 86:6% 
of those with the diffuse variety and in 51-4% of those with limited disease (unpublished data). 

ACA and Scl 70 antibodies were regarded as mutually exclusive by us and others®:??? and 
there has only been a single report of coexistence.'*:?? A recent review!! stated: ‘Although the 
immune response in scleroderma is fairly diverse it appears that patients do not produce 
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autoantibodies to several antigens simultaneously as they de in lupus. The previously 
mentioned mutual exclusion in eccurrence of anti -Topo I and anticentromere antigens is an 
example of this phenomenon.’ 

We report 10 cases of coexisting ACA and Sc! 7o amtibocies using indirect immunofluores- 
cence (IIF), double immunodiffusion (DID) ane immunoblot (13) technique. 





METHODS 


One hundred and eighty patients with systemic sclerasis (Sc) were chosen for study. Three 
methods were employed for the detection of Scl 7e antioocy and ACA: indirect immunofluores- 
cence (IIF) on HEp-2 cells for both antibodies, double immunoditusion (DID) for Scl 70, and 
immunoblot (IB) with recombinant k:netochore extigea for ACA end with recombinant Topo I 
for Scl 7o. 


Indirect tmmunofluorescence 

The sera were screened on monkey oesophagus amc, if pos tive, titrated on HEp-z cells (Immco 
Diagnostic, Buffalo, NY, U.S.A. Starting with a dilution of t/10. The conjugate used was goat 
anti-human IgG (Heintel, Vienna, Austria) with a flucresce:n to protein ratio of 2:2, 16 U/ml, 
diluted to contain 1/8 U/ml. 


Double immunodiffusion 

This was performed according to the method c- Taa et ail, where the Scl 70 antigen was 
prepared from calf thymus according to the same auchors, as modified and standardized by 
Kumar et al.'* 


Immunoblot 

The IB method was performed with the use of recombinant Topcisomerase I and kinetochore 
antigens (Wistar Institute, Philadelphia, PA, U.S.A.). f-galactcsidase fusion proteins were 
isolated from lysogens derived as previously <escribed.'*!° The Topo I fusion protein 
contained the carboxyterminal 1¢9 amino acids ef Too J. 

The kinetochore fusion proteir has not been cheracerized except that its primary sequence 
differed from the antigen described by Earnshaw et ai.'* The antigens were separated according 
to Laemmli‘? and electroblotted in nitrocellulose. ? 

The reactions with patients’ sera (diluted 1: roci and alkaline phosphatase-labelled goat anti- 
human IgG (Promega, Madison. WI. U.S.A.) were visualized by NBT and BCIP. 


RESULTS 


The results of immunofluorescerce scudies, DIT} and IB are shown in Table r. Ten patients 
were found to be positive for beth Sel 70 and ACA. In all r0 cases, the Scl 70 pattern was 
predominant in IIF, and in the major:ty of the caves ar ACA pattern could only be detected at 
higher dilutions (1/80-1/320). Onily ir patient 5 were both patterns seen in lower dilutions, and 
the dividing cells showed characteristic features ether of Sc: 70, or ACA, or both (Fig. ra-c). 
In some cases, the ACA patterrmwasonly seen ir some interphase cells (Fig. 2), while dividing 
ceils showed the fluorescence of the Sci 70 type. Sei 70 vas confirmed in all cases by DID and IB 
using recombinant Topo I. IB was pesitive for kinetochore antigen also in all cases (Fig. 3). 
The clinical details of the ro pari 
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TABLE 1. Results of immunological studies with the use of three techniques: indirect immunofluorescence, 
double immunodiffusion and immunoblot with recombinant antigens Topo I and kinetochore 





HF on HEp-2 cells 


RIAU Nanin ara N h been rA Renee rere rere RN An HL FY evr ALMA nnman ie 


Pattern Pattern typical of ACA in single DID Immunoblot (recombinant 
typical a cc cm positive antigens) 
of Scl7o Interphase Dividing for Se eo a oe i 
Patient (titre) cells cells Titre Scl 70 Topo I Kinetochore 
ı G.T 160 + + 80 + weak + ++ 
2D.C 1280 + a 160 + + weak + 
3C.M 640 ~ ~ Q + + + 
4G.8., 20 ~= ~ O weak -+ ++ + 
5 Z.C. 640 +* + 5120 + weak + + 
6 J.F. 2560 + + 320 + -+ + 
JS 2560 -4 - 160 + + + + 
8 S.P. 2560 + 4 320 + + weak + 
9A.R. 640 + ~= 160 + + weak + 
10 G.Z. 640 + ~= 160 + + + weak + 





*In this case the ACA pattern was present in the majority of the cells. 


in Table 2. All were female, (mean age 38-8 years) one being an 8-year-old girl. Limited 
scleroderma was recognized in three, and diffuse cutaneous indurations were present in six. In 
one patient the changes were atypical, with syringomyelia-like indurated areas on the hands, and 
oedamatous changes on the extremities and the face. There was also marked atrophy of both 
sides of the face. The 8-year-old girl had Raynaud’s phenomenon and sclerodactyly, with only 
minimal cutaneous induration. In all patients there was pronounced vascular inv olvement, with 
telangiectasia of the skin on the face in eight and disseminated numerous telangiectases on the 
trunk and upper extremities in five of the patients. Calcinosis was found in five cases, four of 
them having diffuse SSc. Visceral changes were present in nine patients irrespective of the 
variety of SSc and course of the disease; the only exception was the child. There was a rapidly 
progressive course in three patients, who had the diffuse variety, and in two of them there was 
kidney and muscle involvement. One patient died from renal failure. There was no correlation 
between the titres of Scl 70 antibodies in IIF and the course of the disease. The patient with the 
most severe disease had a relatively low titre of Scl 70 antibody. The highest titres of Scl 70 were 
found in patients with a slowly progressive course, but with the diffuse variety of the disease. 

In seven cases, the IF ACA pattern was seen in single cells at the dilutions 1: 80-1 : 320, L.e. 
their titre was lower than that of Scl 70. In one case with limited scleroderma, in which the ACA 
titre was §120 (higher than the Scl 70 titre), a typical ACA pattern could be seen in numerous 
cells, both interphase and dividing. In two cases, ACA was not shown by IIF, but detected by 
immunoblot for kinetochore. 

In two cases of diffuse SSc and in one of limited disease with minimal cutaneous indurations 
IB reaction for kinetochore was faint, and both IIF and DID were positive for Scl 7o. 

A case of limited SSc with calcinosis and profuse telangiectasia, gave a very strong reaction 
with IB for Topo I, although the titre of Scl 70 in IIF was very low and DID was only weakly 
positive. The IB reaction for kinetochore was positive, but we were unable to find an ACA 
pattern with IPF. It is probable that the levels of both antibodies were very low. 
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FIGURE 2. Patient 8. Indirect immunofluorescence on HEp-2 cells. Serum diluted 1:160. ACA pattern in 
interphase celis (in the centre, and to the left), other cells display typical Scl 70 pattern 
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FIGURE 3. Immunoblot of two SSc sera with recombinant Topoisomerase I and kinetochore antigens. (a) 
strong Topo I and weaker kinetochore staining (patient 4) (b) weak Topo I and strong kinetochore 
Staining (patient f) 


DISCUSSION 


With the use of three techniques, IIF, DID and IB, it was possible to detect the coexistence of 
two types of antibodies specific to SSc, Scl 70 and ACA in 10 of 180 cases (55%). The 
unexpected initial finding of kinetochore antibody in a case of diffuse scleroderma positive for 
Scl 70 antibody in DID and IIF, led us to re-evaluate the IIF patterns on HEpz2 cells. By careful 
examination of numerous cells in different serum dilutions we could discern in single-interphase 
cells the pattern characteristic of ACA, in addition to prevalent Scl 70 staining. In the next four 
cases, the presence of ACA was detected initially by IB, and again in some cells the IIF pattern 
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was characteristic of ACA. Later ACA was detected by IIF, though this pattern was in all cases 
masked by Scl 70 antibodies. To detect the coexistence of ACA on HEp-2 cells, it was necessary 
to evaluate cells at both metaphase and interphase in different serum dilutions. The masking of 
ACA in IIF by the prevalence of Scl 70 is probably why this coexistence has not been detected 
by others and the presence of ACA should always be checked with IB. Scl 70 has a very 
characteristic pattern on HEp-2 cells, and can be detected by IIF, and then confirmed by DID. 
Thus, both these antibodies are disclosed on HEp-2 cells. In our cases of coexistence, the 
prevalent antibody was Scl 70, and in only one patient was the ACA pattern already visible in 
numerous interphase and dividing cells in lower dilutions, whereas in other cases it was seen 
only in higher dilutions, starting from 1:80, and in single cells. It appears that in cases of 
coexistence of Scl 70 antibody and ACA the latter are present in lower titres than in cases 
positive for ACA alone. The previous report of the coexistence of Scl 70 and ACA in 2 cases also 
had very low titres of ACA.'* 

To demonstrate the masking effect of Scl 70 in vitro, we mixed, in various proportions, serum 
with a high titre of ACA (1:5120) and serum containing Scl 70 antibody with a titre of 1: 640. 
The ACA pattern was initially masked by Scl 70, although this was of a lower titre, and the ACA 
pattern started to appear in dilutions of 1:80 of the mixture. Both the titre of ACA and the 
proportion of serum containing ACA must be much higher than that of Scl 70 antibody in order 
to visualize ACA at lower dilutions. ACA may be missed due to the masking effect of Scl 70 and 
the coexistence of ACA and Scl 70 antibody appears to be more frequent than previously 
supposed. 

The clinical features of our cases differed, and the cases were either of the diffuse or limited 
scleroderma type. All the cases had vascular involvement, and half had calcinosis of the skin. 
Only in an unusual case of an 8-year-old girl was there limited scleroderma with minimal 
cutaneous indurations confined to the digits; features characteristic of ACA. However in this 
girl, the titre of Scl 70 antibody in IIF was 640, and DID was positive for Scl 70. 

In addition to these 10 cases of coexistence of ACA and Scl 70 antibodies we had two cases of 
ACA coexisting with other antibodies (Pm-Scl and La/Ro), one of Scl 70 with spindle apparatus 
antibody and one of Scl 70 with NSPI.7° The coexistence of antibodies in SSc is much less 
frequent than in SLE, but does occur, and the two antibodies, highly characteristic of SSc, Scl 
70 and ACA, do not seem to be mutually exclusive. 
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SUMMARY 


Remittance spectroscopy in the ultraviolet spectral region was used to investigate human skin in 
vivo. Untreated healthy skin showed a minimum remittance at 280 nm wavelength, correspond- 
ing to the keratin absorption band. At shorter wavelengths the remittance mostly originated 
from light scattering in the stratum corneum and at longer wavelengths subcorneal structures 
had increasing influence. The spectral remittance reflected variations in pigmentation most 
sensitively in the UVA region. Hydration of the skin yielded a hypsochromic shift of the keratin 
absorption band due to changes in polarity and proton concentration in the environment of the 
chromophores. Remittance spectroscopy allows detection of topically applied drugs, whose 
penetration into the skin can be evaluated from the time-dependence of the remittance. 


Information about cutaneous optics can be obtained non-invasively in vivo by studying spectral 
remittance or, via use of photothermal methods,! spectral absorption. The former technique has 
been used mainly in the visible spectral region for the objective determination of skin colour, 
especially for quantifying erythema and pigmentation induced by exposure to ultraviolet (UV) 
radiation. Recent studies have demonstrated that it is possible to differentiate quantitatively 
between the erythemal response and the simultaneous tanning of the skin. Advances in 
instrumentation allow avoidance of any contact with the skin area being tested with the use of 
remote viewing heads.?~° 

Skin is a turbid tissue, which shows a strongly wavelength-dependent penetration depth for 
optical radiation.’ In the UV spectral region, the penetration depth of light is small due to high 
absorption in stratum corneum and epidermis, the major absorbers being melanin, urocanic 
acid and aromatic amino acid residues. Only a small portion of the incident light is remitted 
(diffusively reflected) by these layers. 
_ Since the original work by Hasselbalch,” many studies in the UV spectral region of reflection 
by and transmission through excised samples of stratum corneum and epidermis have been 
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reported. With a collimated incident beam of kzbt, widely used in these experiments, the 
measurements yield information about direct transmission (in the direction of the incident 
beam), total transmission and diffuse reflectance.” Due te diffuse forward-scattering, which is 
the dominant scattering mechanism instraturre ceracum and epidermis,'” the total transmission 
exceeds the direct transmission. Recently a mathematical model has been proposed by Diffey!! 
which allows evaluation of the intrinsic cptical serties of a turzid sample, e.g. the spectral 
coefficients of absorption, back-s«attering and forwarc-seattering. from such measurements. 

We report in vivo measurements of spectral remittance mn the UV spectral region aimed at the 
investigation of optical properties of normal amd moisturized Caucasian skin. We also report on 
measurements determining the penetration behaviour of L V-aksorbing drugs after topical 
application to the skin. Recent results obtaimed with other techniques, namely fluorescence 
spectroscopy!" and photoacousticspectroscopy,'” aave demonstrated that spectroscopic in vivo 
techniques can be successfully used im this field e” pharmacelogical research. 
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METHODS 


The instrument used for the in vivo rernittancemesasurements was acommercially available UV/ 
VIS-spectrometer (Lambda 15, Perkin-Elmer, D-777¢ Uber!ingen) with a spectral range from 
200-900 nm. The measuring beam was transmitted via UV-transparent, flexible fibre optics to 
the viewing head. The monochromatic, ccllimatec seam was directed perpendicular to the skin. 
The illuminated skin area had a diamecer of about 0 mm. To avoic the spectral reflection from 
the surface being detected, the receiving fibres, which carried the remitted light back to the 
spectrometer, were mounted at ar angle of 45° to the skim surface. The fibres were positioned 
such that the same area was both iL ummated and viewed. In the spectrometer a photomultiplier 
was used as a broad-band detector for the remitted hent. 

The remittance of the skin was related to thet of a remittance standard (BaSO, for the visible 
and Teflon for the UV-region) to sake inte account the spectral sensitivity of the spectrometer. 

The in vivo measurements were perzormed on healthy, fair-skinned Caucasian test subjects, 
aged 23-28 years, on the inner aspects of the forearms. The resu'ts presented here are mean 
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FIGURE 1. Mean spectral remittance. obwined mm «rvoe af the miner aspects o” the forearms of three fair- 
skinned test subjects. 
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values of spectral remittance obtained with three volunteers. For the measurement on 
moisturized stratum corneum the skin was hydrated with a water-soaked swab for ro min. For 
the diffusion experiment, 6 ul of the formulation containing the drug to be detected were 
uniformly distributed over a skin area of 4 x § cm’, forming a screening layer of 3 um mean 
thickness on the surface of the skin. In between the times of measurement, the test areas were 
covered by Finn-chambers to prevent external removal of the drug by absorption or abrasion by 


clothing. To avoid an increase in horny layer hydration by occlusion, perforated Finn-chambers 
were used. | 


RESULTS 


The spectral remittance of fair-skinned Caucasian subjects is depicted in Figure 1. The local 
minima of remittance at wavelengths 415, 540 and 572 nm corresponded to the absorption bands 
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FIGURE 2. In vivo remittance spectra of melanin-containing skin, obtained at the inner aspect of the 
forearm. a, Weakly pigmented skin, b, moderately pigmented skin, c, strongly pigmented skin. 
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FIGURE 3. Jn vitro remittance spectra of excised, fair stratum corneum. a, Stratum corneum terminated by 
a diffuse reflector; b, stratum corneum terminated by a black absorber. 
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of haemoglobin, demonstrating the remittance in the visible spectral region to be due to light 
scattering in the vascularized dermis. Irradiation th red light yields remittance values as high 
as 40-60°,,, depending on skin pigmentation. 

The melanin content of the epidermis can be most sensitively deduced from UVA (315-400 
nm) remittance. In Figure 2 spectre are plettec as obtained with weakly, moderately and 
strongly pigmented Caucasian skin. Curve a of Figure 2 steeply increases with increasing 
wavelength at the long-wave side of the keratin absorption bard, the maximum of which 
coincides with the shallow minimam cf remittance sear 280 am. With increasing pigmentation 
the spectral remittance flattens out (curve c of Fig. 2), as melanin, whose absorption depends 
only weakly on wavelength, becomes che major absorber. 

In the short-wave UV, below about 300 nm, the spectral remittance originates from the light 
scattering in the stratum corneum, even :f the pigrmentatien is weak. To demonstrate this, we 
measured the remittance of isolated stratum corneum. The samples were prepared from 
cadaverous skin. After detachment of dermis and epidermis, the horny layer was obtained by 
trypsin treatment.'* Figure 2 shows the spectr:! remittance of isolated stratum corneum, 
measured with the sample terminated by tefion ¿s diffuse weflector (curve a) and by a black 
absorber (curve b). In the short-wave UV both curres:show ne significant differences, but above 
300 nm, the stratum corneum becomes translucent and the eurves diverge. Applied to in vivo 
measurements, this means that light is cransmitted oand remitted ftom deeper epidermal layers 
only at wavelengths above 300 nra. 

Hydration of living skin alters the water content of the stratum corneum, especially of its 
outermost layers. The spectral rermissien of fair Camcasian skin before and after treatment witha 
water-soaked swab for 10 min is shewn in Figure 4. At the long-wave side of the keratin 
absorption band, between 290 anc 340 nm, hydrazion clearly increases the spectral remittance. 
While no significant changes are observed at longer wavelengths, 2 weak increase is detectable 
over all the short-wave UV. In parallel to the spectra! remittance, the pH-value was measured at 
the skin surface by use of a pH-meter (Radiometer PHM 80) wita calomel electrode and flat 
glass electrode as reference and probe electrode, respectively. Due to the hydration the pH- 


value was shifted from 5-8 to 6:8 
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FIGURE 4. Influence of skin hydzation on spectral rer 





ittance. a, Untreated skin; b, hydrated skin. 
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Topical application of a thin vehicle film containing a light-absorbing drug lowers the spectral 
remittance of the skin as both the incident and the remitted light have to pass the film. To obtain 
information about the absorption spectrum of the drug, uninfluenced by the optical properties 
of the applied vehicle film, the measurement has to be performed by comparing the spectral 
remittance of treated skin to that of skin treated with the unloaded vehicle. Figure 5 shows 
remittance spectra obtained with fair-skinned subjects after treatment of the inner aspect of the 
forearm with a film of water-in-oil (W/O) emulsion and with a film of W/O-emulsion 
containing 2% of the sunscreening agent Uvinul® T150. The difference between the curves 
shows the in vivo absorption spectrum of the agent under test. Maximum absorption is observed 
at a wavelength of about 320 nm (Fig. 6). After topical application to the skin surface, the UV- 
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FIGURE §. Detection of drugs topically applied to the skin. a, Skin treated with an unloaded W/O- 
emulsion; b, skin treated with a W/O-emulsion containing 2% Uvinul® T1 50. 
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FIGURE 6. Difference in remittance signals between skin treated with an unloaded vehicle and skin treated 
with the same vehicle containing 2% Uvinul® T 150, showing the in vivo absorption spectrum of the drug. 
a, Immediately after application; b, 3 h after application; c, 6 h after application; d, 10 h after application; 
e 24 h after application. 
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filter penetrates into the skin by diffusion. Inthe stratum corneum, the main diffusion barrier of 
the body, the penetration proceeds vary slowly amd in general, permeation by molecules of low 
molecular weight requires many hours.” The diffusion of sunscreen into the skin reduces the 
shading of the remittance. Figure 6 shows the cctlerences in spectra] remittance, measured at 
different times after topical application of the umloaded emulsion as placebo and the emulsion 
containing the sunscreen. 







DISCUSS! ON 


Since the original work of Shearc and Brown, f Bode,'® Edwards and Duntley,'’ the 
techniques for the investigation of in vive rernittance cf human skin at visible wavelengths have 
improved. However, to date physiciams have mostly relied on their visual assessment to quantify 
erythema or pigmeritation. Even in spectral regions invisible to the human eye, remittance 
spectroscopy has not found widespread use, althex gh the first applications of in vivo remittance 
spectroscopy with UV-wavelengths was reported as early as 1955. 

In the UV region, the penetration depth of light is restricted to the epidermis or, at 
wavelengths below 300 nm, to its outermost layer, the stratum corneum. This is mainly due to 
the high absorption of light in these layers; the fluence of light scattering to the penetration 
depth is comparatively small. The spectral remttance, which is proportional to the ratio of 
scattering and absorption coefficient,’ is also small. The spectral remittance can serve as a 
sensitive detector of variations in cither the absorp «ion or scattering coefficient, if the coefficient 
not being studied can be treated as a constant or weakly varying perameter. 

With the instrumentation used here fluorzscemce could not be detected. Skin fluorescence 
contributes up to 20%, of the remittance,  * especm ly im the UVC region. The investigated drug 
Uvinul® T150 shows fluorescence with an emission peak at 420 nm, and the decrease of 
remittance observed after applicatior. of the druz would probably be more pronounced if the 
remitted fluorescence light could be fi tered oat. Nevertheless, the time course of remittance due 
to the penetration of a light-absorbimg drug inte the skin is only gradually influenced by the 
fluorescence effect. 

These results demonstrate that cemittamce spectroscepy can be used im vivo for the 
investigation of the optical properties of human skin. Only at the bong-wave limit of the UV 
region does light scattering in the papillary Germs comtribute to the remittance of fair skin, as 
shown by considering the influence of the haemoglobin abserption on the spectral remittance. 
Transmission spectra of blood show that haencg obin absorbs mucn more strongly at 41§ nm 
than at 540 and 572 nm,’ whereas tae in veo scectral remittance of fair skin shows a local 
minimum at 415 nm which is relatively weaker thar those at §4c and 572 nna (Fig. 1). At 
moderate or high levels of epidermal melanin.cozment, he 45 nm band is no longer detectable. 

In the short-wave UV region, below a wavelenethof about 300 nm, the penetration depth of 
light is smaller than or comparable to the thickness of the stratum corneum (Fig. 3). Inthe UVA 
region the spectral remittance yields iaformation «oou: the epiderms. The increase in melanin 
content, which lowers the remittance at all UV awelengths (Fig. 27, considerably reduces the 
penetration depth of light in the epidermis, sc that nomoderately or highly pigmeated skin only 
the outermost epidermal layers contr bute te the spectral remittance. 

The stratum corneum is capable of taking up a consicerable amount of water and even though 
water does not absorb ultraviolet or visible ighe, the optical properties of stratum corneum 
depends on the water content. The measuremeaa of spectral transmission through excised 
samples has demonstrated that the keratin absorp:on band, which with dry samples is centred 
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around 280 nm, is shifted to shorter wavelengths.'? This hypsochromic shift was clearly 
detected by our im vivo remittance measurements (Fig. 4), and may be attributed to changes in 
polarity and proton concentration in the environment of the chromophores.*°7! The 
hypsochromic shift of the keratinic absorption band in moisturized stratum corneum lowers the 
photoprotection of the underlying viable tissue against 290-340 nm UV radiation. In the short- 
wave UV region, below 290 nm, there is no significant variation of spectral remittance 
dependent on water content, and the effects of the gradual increase of scattering and attenuation 
with increasing water content, observed by transmission measurements on excised samples,° 
probably cancel each other out. 

Remittance spectroscopy is a useful tool for in vivo detection of topically applied light- 
absorbing drugs. It allows the determination of drug distribution within the penetration depth 
of the incident light, which in the UV spectral region is restricted to stratum corneum and 
epidermis. After topical application, the drug shades the skin and this lowers the remittance. 
When released from the vehicle, the drug penetrates into the stratum corneum, diffuses into the 
epidermis and finally reaches the dermis, from which it may be absorbed into the blood 
capillaries. As the drug is transported into deeper skin layers, the effect on the remittance signal, 
which at UV-wavelengths results from scattering of light in the stratum corneum and 
epidermis, decreases and the remittance approaches that of untreated skin (Fig. 6). At 320 nm, 
the wavelength of maximum absorption of the sunscreening agent Uvinul® T150, the 
remittance originates from the stratum corneum and the superficial epidermal layers. The time 
dependence of remittance therefore reflects variations of drug distribution in these areas. A 
weak shift of the absorption maximum to shorter wavelengths is then seen as the drug continues 
to penetrate into the skin. Thus, a quantitative description of the pattern of remittance after 
topical application of a light absorbing drug can be obtained by taking into account the optical 
properties of untreated skin and the variations due to the time-dependent distribution of the 
light absorbing drug. 
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SUMMARY 


Mitomycin C is an alkylating agent, used by intravesical instillation to treat carcinoma of the 
bladder. Repeated instillations can induce cystitis and an eczematous eruption affecting the 
palms, soles and face. If these effects are due to delayed hypersensitivity with sensitization to 
mitomycin C occurring in the bladder wall, it should be possible to demonstrate antigen- 
presenting cells in the bladder wall and positive patch tests to the drug. Using an immuno- 
alkaline phosphatase method we have identified CD1* cells in bladder epithelium and 
submucosa and have demonstrated Birbeck granules in a few cells. In further support of our 
hypothesis it was also possible to demonstrate delayed type hypersensitivity in 13 out of 26 
patients who had received mitomycin instillations by applying the allergen as a patch test. These 
results indicate that the eczematous eruption in this group of patients is most likely a 
hypersensitivity reaction and that it may be mediated transvesically. 


Mitomycin C is an amino-quinone alkylating agent of molecular weight 334 Da used as an 
intravesical instillation to treat superficial bladder cancer. The surface layers of the bladder are 
exposed to therapeutic concentrations and very little of the drug is absorbed.' The side-effects 
of this treatment, occurring after repeated instillations, include vesical irritation and, less 
commonly, a rash involving the palms, soles, chest and face. The bladder symptoms have 
previously been attributed to chemical irritation? and the rash to a contact dermatitis following 
contamination of skin with urine containing mitomycin C.* However, the areas of involvement, 
which include the soles, make it unlikely that contamination of the skin accounts for the rash in 
all the cases. Evidence against an irritant or chemical cystitis was provided in a previous report of 
this symptom complex in which bladder histology, seen in biopsies taken soon after the onset of 
symptoms, revealed an inflammatory cell infiltrate with numerous eosinophils suggesting an 
immunological reaction.* 

In this paper we have examined the hypothesis that the cystitis and dermatitis which may 
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follow mitomycin C instillations are not the result of ‘chemical ir-itation’ but of a delayed 
hypersensitivity reaction to mitomycin, mediatec transvesically. This was postulated when 
similar symptoms were described in a patient whe was shown to have a positive patch test to 
mitomycin C.° For the hypothesis to stand it was 2 sccessary to establish two important points: 
whether there are any antigen-present:ng cells in «ae human bladder ‘as there appears to be no 
published data on this subject), and whether patieræs with the cystitis-dermatitis complex have 
been sensitized to mitomycin C. Preliminary studies have indicated the presence of CD1* cells 
in the bladder epithelium and epicataneous perch testing has demonstrated mitomycin 
hypersensitivity.’ 

















METHCIS 


Patients 

Seventy-five patients with primary superficial blade er cancer were studied. After their tumours 
were resected they were treated with bladder instilis:ions cf 0-1°,, mitomycin C (30 mg in 30 ml 
water) for 1 h; the mixture of miternycin C and urine was then voided per urethram. The number 
of instillations varied from o to 10 and tieir frequem cy from g week to 3 months apart. From this 
group of patients separate subgroups cf 26 and ro were selected for patch testing and bladder 
biopsy respectively and were compared with conzrvls. 


Patch tests 

Twenty-six of the mitomycin C-treatec patients, including two whe had previously had a rash, 
were patch tested to the European standard battery of common allergens and to two 
concentrations (001%, and o-001”,) of freshly reconstituted mitomycin C in yellow soft 
paraffin. The tests were applied to the back and read at 48 and 96 h. Ten norma! volunteers 
were also tested to the two mitomycin concentrations, 


TABLE 1. Details of bladder biopsies: bladder biopsies fom males with benigr prostatic hypertrophy 
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Patient mitomycin EO af Birbeck ees ee AA e x Feto- 
no, Clinical details  instillations granules z2% CDE CD4 CDe2 M3 CDi protein 

I Bacterial cystitis Q NP E e e + Es ~ — 

3 © No ala ie ee 2 = + ~- — 

4 O Alo nner oa rae as nc n pa 

7 e No aes m "e i e me = 

8 Bacterial cystitis © NP tt E E = ++ ++ +4 — 

9 3 NP : + + : 2 $ Ea 
ro $) No 3 + E + — =- 

$i o NF 4 + + ~~ + ~ 
Manene en a a ie nerinannrreanepaanteesannanetenennsuan 

Cell counts + + = > 20 cells per lbw power | » 10) feld. 


+ = -20 cells per iow power © » 10) field. 
~ =: NO staining. 
NP, Not performed. 
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IgE estimations 
An IgE estimation, using a double-antibody radioimmunoassay® was performed on all patients 
patch tested. None gave a history of atopic disease. 


Identification of immunocompetent cells 

Bladder biopsies. Biopsies were obtained endoscopically or at the time of open surgery from 
normal-looking mucosa. They were taken from Io patients who had previously been treated for 
bladder cancer (seven male and three female, age range 53-87 years); two of them (Tables 1 and 
2) had had the cystitis~dermatitis symptom complex. Eight control biopsies were obtained 
under similar conditions from males (age range 55-86 years) undergoing prostatectomy for 
benign disease. Specimens were processed for histopathology, immunohistology and electron 
microscopy. 


Immunohistology. Cryostat sections (8 um) were fixed in acetone for 10 min, washed with 
0-001 mM Tris-buffered saline, incubated with primary antibody overnight at 4°C (Table 3), 
and stained by the immunoalkaline phosphatase (AP) method.’ The conjugates were applied at 
room temperature for 40 min in a humid chamber. Sections were counterstained with 
haermalum. At least six pairs of serial sections were taken 40 um apart. As a control, 20% normal 
rabbit serum in Tris-buffered saline or an irrelevant control (g feto-protein) was substituted for 
the first monoclonal antibody. All sections were examined ‘blind’. 


Electron microscopy. Bladder biopsy specimens from eight patients (Tables 1 and 2) were fixed 
in 3% glutaraldehyde in cacodylate buffer 0:1 M pH 7-4, washed in cacodylate buffer and post- 
fixed in 1°% osmium tetroxide. The specimens were dehydrated in ethanol and embedded in 


TABLE 2. Details of bladder biopsies: bladder biopsies from patients on mitomycin C trial for bladder cancer 


Oaa 





Electron 
Number of microscopy Monoclonal antibodies 
Patient mitomycin C of Birbeck 9 rr Feto- 
no. Clinical details  instillations granules 231 CD8 CD4 CD22 M3 CD1 protein 
2 6 Yes +o oe ++ ++ + + — 
6 j No + ~ — — _ + ~= 
12 Rash and 5 NP + ++ + = — + ~- 
vesical irritation 
13 1 NP + + + ~ — + ~ 
I5 O NP + + + = ~ + — 
16 I NP + + + + _ — 
17 ) NP + + + aa ~ + — 
18 Rash and 4 NP + + } + — ++ = 
vesical irritation 
19 (0) No + — + — — + — 
20 Cystectomy 3 Yes + ++ ++ + + + + ~ 


nettle Cn 


Cell counts + + = > 20 cells per low power ( x 10) field. 
+ = 1-20 cells per low power ( x 10) field. 
— = No staining. 

NP, Not performed. 
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TABLE 3. Antisera ane (hew reactivity 


tn 


Immunoglobaiin Working 
Primary antisera Origin subclass. Antigen W2activity dilution 
Dako T6 M721 Dakopatts* IgGza CDr Lengerhans cell/comraon 1/200 
thymocyte 
Dako PAN B M708 Dakopatts igG2b CD22 Beels 1/20 
Anti Leu 2a Becton Dickinson? {gr CD8 Cytoroxic/suppressor 1/100 
T cell 
Anti Leu 3a Becton Dickinson? T2Gy CD4 Helper/inducer 1/100 
T cells 
Anti Leu M3 Becton Dickinson+ Iza NE Monocyte macrophage 1/100 
DA6:231 Dr K.Guyt IgG NE HLA -DP, -DQ, -DR 1/100 
Anti x Feto-protein Dr V.Van Heyninger IgG NE. x Fetoprotein 1/40 


NK, Not known. 

*, Dako Ltd, 22 The Arcade, High Wryeombe. L FL 

t, Diagnostic Systems, Bezion Dickinson U E. Lut, C owley, Oxford, U.K. 
t, Cytogenetics Unit, Western Infirmary, Rds ourgh, JK. 


araidite. Ultra-thin sections were cut using a LKB Ukratome HI, stained with uranyl acetate 
and lead citrate and examined with a Phillips EM 208. Twenty-eight blocks were cut and an 
average of three grids per block examined. 


RESULTS 
Patients 
Fifteen of 75 patients receiving mecre than one insxilation of mitomycin C developed dysuria, 
frequency and haematuria. Four cf these cases aler developed a palmar, foot anc facial rash 
which occurred within 48 hours o? treatment and persisted for several days. These problems 
were never seen after the first insti lation but only after the second or subsequent iastillations, 
the cystitis sometimes becoming se severe that the mistllations had to be stopped. 


Patch tests 

Strongly positive patch tests (+ +) to ©-o1”, miter yan C were seen at 48 and 95 h in both 
patients who had developed cystitis and a skin er pion. They did not react to the 0-001 % 
mixture. Of the remaining 24 patients, 13 had negetive {0} patch tests te both concentrations, 
seven had a positive (+ ) response to 0-01%, only azad feur had a positive (+) response to both 
o'r and o-oo1®,,. All ro healthy volunteers had negateve results to both concentrations. 






IgE estimations 

IgE levels were normal in 22 patierts (upper limit af nermal: 200 kU/l). Two individuals with 
markedly raised levels of 800 and tooo kU/1 respect-vely hed negative patch tests and the other 
patient with a high level (650 kU/1) had a positive petch test to 0-01 "5 mitomycin C. Judged by 
raised IgE levels the incidence of acepy in this group was 12%, 
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FIGURE 1. Photomicrograph of CD1 * dendritic cell in bladder epithelium ( x 320). 


Immunohistology 
Only those cells with well delineated cell membranes were counted; the results are summarized 
in Tables 1 and 2. The cells of special interest were those staining for CD 1; most of these cells 
had dendrites (Fig. 1). These were identified in two of the control specimens and in nine out of 
10 specimens from patients with a history of bladder cancer. Most CD 1 * cells were identified in 
the submucosa because the epithelium from several biopsies had been lost in processing, but in 
three cases (two with a history of bladder cancer) they were found in areas of adherent 
epithelium. Sub-mucosal cells positive for class II MHC antigens were found in all biopsies and 
T lymphocytes of both helper and suppressor phenotype were seen in 15 specimens. 

B lymphocytes staining with CD22 and monocyte/macrophages staining with Leu M3 were 
found in about half of the specimens. They were prominent in the two patients who had had 
recent bacterial cystitis. 
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Electron microscopy 

Despite an intensive search only two specimens were found to have occasional cells which 
contained Birbeck granules. Both specimens were from patients with a history of bladder 
cancer. 


DISCUSSION 


Some patients treated with repeated intravesical mitomycin C develop symptoms of vesical 
irritation and an eczematous eruption. The time course and increasing severity of the symptoms 
and signs suggest a cell-mediated delaved-type hycersensitivity reaction rather than immediate- 
type hypersensitivity. In support ef th:s were the normal IgE levels noted in 12 out of 13 patients 
with positive patch tests. Stromg evidence for deleyed type hypersensitivity was provided by 
performing patch tests on an affected individual; a positive pateh test was produced using 
0-001°,, mitomycin in yellow soft paraffin.” In the present study both individuals whose skin 
had reacted to the instillation developed positive patch tests to oor“, mitomycin. They had 
negative reactions to 0001, mromv«cin, but the results cannot be explained as an irritant 
reaction because all controls showed ne reaction. The 11 weak responders (+ ) had all received at 
least four instillations and presamably, might save been candidates for vesical and skin 
symptoms had the instillations been continued. 

It is a novel idea that sensitizaticn, manifesting itself as a delayed-hypersensitivity reaction in 
the bladder and in the skin, could be -nduced across the bladder wall. We have demonstrated 
that some patients have developed cutaneous reactivity and that the necessary apparatus to 
mount this, i.e. antigen-presentiag calls in the cladder wail, exists. We have not proved a 
mechanism for inducing sensitization sor explained the distribution of the eczema but it should 
be remembered that we have ao good explamation for the distribution of other eczemas e.g 
flexural involvement in atopic eczema. 

Mucosal surfaces are not a common site for sensitization, but it may occur in the mouth from 
anise oil'®, with metal fillings, or on the glans penis. from rubber ccndoms. Fisher‘! comments 
that the dermatitis associated wth eral mucosal sensitization is usually symmetrical and 
eczematous. The gastro-intestimal mucosa has special properties and guinea-pigs, given a 
hapten orally prior to attempted cutansous sensitizetion, developed tolerance.'* More recently 
Lowney'* demonstrated in humans that attempted buccal sensitization with DNCB resulted in 
half the subjects becoming sensitized and half becoming tolerant. 

The process of sensitization requires cells capable of presenting antigens to T lymphocytes. 
Langerhans cells fulfill this role in the skin and cre found in varying numbers in skin from 
different regions of the body.’* LLengechans cells are also found in mucosal surfaces such as in 
the mouth’*'® and in the buccal cawity their numbers are increased near squamous cell 
carcinomata.'’ Some authors believe tnat the size of the Langerhans cel! population is directly 
related to keratinization,'® but an inverse relationship has also been described.'* 

Langerhans cells have been fownd in the bladder mucosa of vitamin A-deficient Wistar rats! ° 
but we are not aware of any previous report of Langerhans cells in the normal human bladder. 
Dendritic cells staining for HLA-DR. have been observed in the bladder wall (J.P.Sloane, 
personal communication). Langerhans celis were, however, found at post mortem in the bladder 
epthelium of a man who died of widespread malignant histiccytosis X.7” 

We have identified CD1* dendritic cells in the b’adder epithelium and submucosa. We did 
not carry out double staining, but exam ination-of adiacent sections suggest that the CD1* cells 
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a few cells from the same biopsies and it seems likely that they were in CD1/2317* cells. The 
relative paucity of cells containing Birbeck granules may be explained in two ways. Firstly, few 
epithelial cells were seen because the epithelium was lost from many of the biopsies. Secondly 
the situation may be analogous to that in normal skin where dermal Langerhans cells are rarely 
identified because they seldom contain Birbeck granules. Dermal indeterminate cells are CD1+ 
and most likely related to Langerhans cells.*! 

Sensitization through the skin is thought to depend on its many Langerhans cells. We found 
small numbers of CD1* cells in the normal bladder, but some of our patients with a history of 
bladder cancer had many more CD1* cells and some contained Birbeck granules as seen in 
typical Langerhans cells. The finding of Langerhans cells in mucosal surfaces has been 
associated with squamous metaplasia or neoplasia,'’ and it is possible that these changes in the 
bladder mucosa would render the surface capable of supporting the induction of contact 
hypersensitivity. Exposure of the mucosa to mitomycin could then, and only then, lead to a 
mitomycin-specific contact hypersensitivity. Once developed this sensitization would be 
systemically expressed and would be detected by positive patch tests. 

We therefore postulate that Langerhans cells, present in the epithelium and submucosa of 
bladders in patients with a history of bladder cancer, are capable of hapten or antigen- 
presentation to T lymphocytes and, in this setting, probably play a key role in the induction of 
sensitization. Animal experiments (e.g. attempts to sensitize normal and vitamin A deficient rats 
by instillation of dinitrochlorobenzene into the bladder) could add support to our hypothesis or 
implicate alternative mechanisms such as the passage of antigens across the bladder wall and 
their presentation to the immune system by antigen presenting cells in the blood. We are not 
aware of any work on the subject. 

If our hypothesis is correct, it raises the possibility that other allergens excreted in the urine 
could also induce sensitization. This may be of particular interest in other painful, non- 
malignant bladder conditions such as interstitial cystitis. This is a disease of obscure aetiology, 
characterized by a heavy infiltrate of eosinophils, mast cells and lymphocytes, which may 
indicate an immunological reaction. The cellular infiltrate has been noted22:?3 but it has not 
been possible to postulate a mechanism. 
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SUMMARY 


Five patients with long-standing seronegative arthritis resistant to conventional therapy and 
who also had psoriasis of the skin were treated with photopheresis. This mode of treatment 
combines a lymphocyte-enrichment procedure with 8-methoxypsoralen-photochemotherapy. 
There was a marked in vitro effect on treated lymphocytes, with a reduction of viability, 
proliferation and mitogen response. There was a slight to moderate clinical improvement in 
four of the five patients with regard to the strength of grip, swelling, pain, morning stiffness, the 
dosage of non-steroidal anti-rheumatic drugs and the radiographical changes. The skin lesions 
did not respond to photopheresis. Short-term side-effects were minimal and consisted of a 
temporary sensitivity of the eyes to light and signs of circulatory dysregulation immediately 
after treatment. This experimental therapy has some measurable but not dramatic effect in 
improving psoriatic arthropathy. 


Psoriatic arthropathy is a distinct inflammatory joint disease which occurs in about 5-7% of 
patients with psoriasis.’ The clinical features of this disease have been reviewed extensively?? 
and the classification of patients with psoriatic arthritis into subgroups according to the pattern 
of joint involvement appears to have limited prognostic value. Approximately 10-20% of 
patients with psoriatic arthropathy may progress to a mutilating or ankylosing arthritis.* The 
pathogenesis of the condition is uncertain but immunological factors are involved.* Apart from 
a number of more subtle changes °, particularly in humoral immunity’, shifts in the ratio of the 
T4/T8 (helper/suppressor) phenotype of peripheral lymphocytes have repeatedly been 
reported in patients with psoriasis.™> 17 The effectiveness of immunosuppressive drugs such as 
cyclosporin A is suggestive of an involvement of for cell-mediated immune factors in its 
pathogenesis.'* A genetic predisposition for the development of psoriasis as well as for joint 
involvement with an affinity to certain HLA-phenotypes has been observed.'* 


Correspondence: Professor Herbert Honigamann, Department of Dermatology I, University of Vienna, Alser Strasse 4, 
A-1090 Vienna, Austria. 
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Treatment of psoriatic arthritis has remained unsatisfactery and the administration of non- 
steroidal, anti-inflammatory drugs may be sufficent to control pain and inflammation in the 
milder forms. However, in progressive disease, mercaggressive forms a Therapy are employed, 
including hydroxychloroquine,'* retnoids,! >U and cytotoxic agents, in particular, metho- 
trexate.'” Whole-body psoralen photechemotherapy (PUVA) may produce an improvement. ?° 

Recently, extracorporeal photochemotherapy oc photepheresis was introduced for reducing 
inflammatory or neoplastic preliferation of lympiocvtes. This treatment has been shown to be 
effective and safe with only minor side-effects ina large group of patients with cutaneous T-cell 
lymphomas.*! Extracorporeal photochemotkerapy involves a combination of a lymphocyte- 
enrichment procedure and photockemotherapy using 8-methoxypsoralen (8-MOP) with 
subsequent re-infusion of the cells. It may hawe-am effect. on expanding T-cell clones in benign 
diseases.*? More recent investigations suggest 2 clone-limited response to extracorporeal 
photochemotherapy by demonstrating the inhibition of anti-skin allograft immunity by 
infusions with syngeneic photoinactivated effector ymphocytes.?? As psoriasis and, to a certain 
extent, psoriatic arthritis respond to PUVA and beneficial effects are sometimes noted following 
a plasma exchange,***° it seemed reasonable tc treat patients with psoriatic arthritis with 
photopheresis. We report on a pilot study of five patients. 








METHOOS 


Patients 

Five patients (three males, two females; age range 26-43 vears) with longstanding arthritis 
particularly involving the small joints and who were seronegative for rheumatoid arthritis were 
included in the study. All had typical skin lesions of psoriasis. Rad:ographic changes of joint 
disease were found in three of the patents. All five had received various forms of conventional 
treatment with little or no effect and four require: non-steroidal arti-rheumatic drugs at the 
beginning of photopheresis treatmer.t. Informec consent was cbtained and the study was 
approved by the ethical committee of the Umversrty of Vienna. 


Procedure 
Extracorporeal photochemotherapy was performed using tne UV-AE® instrument provided by 
Therakos® Company (King of Prussia, PA, U S.A |. [Two neurs prior to treatment the patients 
received oral 8-methoxypsoralen “Oxsoralen®. Elder, Bryan OH, U.S.A.) in a dosage of o'6-0'8 
mg/kg body weight. A lymphocyte cor centrate containing 10’~—5 x 1c” cells was collected using 
a conventional centrifuge apheresis procedure. To muntmize the circulatory side-effects 
paediatric centrifuge bowls (Hemonetics”, EBraincree, MA) were used. The total volume of 
blood extracorporeally processed in ene treatmeme session varied according to the patient’s 
haematologic parameters (primarily the haematocriz) and ranged from 1800 to 3500 ml. During 
the course of one single treatment 240 ml of pure /wmphocvete:concentrate and 200 ml of plasma 
were removed for further processing. Differences >etweem patients and minimal variations in 
machine operation resulted in slightly variable lymphocyte counts and haematocrit values. 
The lymphocyte concentrate was then exposed to UV A urradiation for 4-5 h after 200 ml of 8- 
MOP containing plasma had been added. The UVA dose of 122 J/cm” corresponds to a 
calculated dosage of 1-2 J/cm“ for the lymphocyte when estimating a haematocrit of §°;,. This 
dose was determined from a standarc. curve using meneclonal antibodies against 8-MOP in 
altered DNA.?° The treated blood ce is were ther re-infused to ower a period of 30-60 min. 
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Treatment 

The patients had treatment on two consecutive days with a treatment-free period of 4 weeks. 
The relevant disease parameters that were recorded included morning stiffness, spontaneous 
pain, swelling of an indicator joint, grip strength and the radiographic changes (if present) as 
well as any change in the dosage of non-steroidal anti-rheumatic drugs.*’ The pain was 
quantified by questioning the patient with a four-grade scale (absent, light, moderate, severe). 
Measurement of joint swelling was performed by using stencils on the most severely affected 
interdigital joints. Grip strength was evaluated for both hands by squeezing a rubber balloon 
and was measured in mm/Hg. The haematological and biochemical parameters were constantly 
reviewed. 

Evaluation of the clinical disease parameters was performed by an independent investigator. 
The extent of skin involvement in each patient was assessed and a skin score was determined by 
multiplication of the degree of skin changes (0, normal skin; 1, minimal erythema, papules; 2, 
strong erythema, scaling; 3, infiltrated plaques with scales or crusts; 4; massive inflammation, 
fissures) with the percentage of the body area involved. This procedure represents an adaptation 
of a method suggested by Edelson et al. to evaluate skin involvement in cutaneous T-cell 
lymphoma.?! Treatment with photopheresis was continued either until a significant improve- 
ment of two or more of the clinical parameters was reached and maintained for more than 8 
weeks, or until a change of concomitant therapy became necessary due to a deterioration of the 
patients condition. 

At the beginning of the study, the serum level of 8-methoxypsoralen was measured in each 
patient by means of high pressure liquid chromatography (HPLC) and a minimum level of 50 
ng/ml was considered to be the least effective value. 


Laboratory studtes 

To evaluate the reaction of the lymphocytes to the treatment, blood from all patients was 
processed at the first session but without being re-infused. After this mock treatment the 
following investigations were performed: 


Lymphocyte viability. The percentage of viable lymphocytes in culture was determined by 
means of the trypan blue dye-exclusion test on day 1, 3 and 7 after treatment, with lymphocyte 
populations that had been exposed to UVA radiation for 60, 120, 180, and 270 min. This 
corresponds to 0-33, 0°88, 1-33 and 2-00 J/cm? of UVA radiation affecting the average target 
lymphocyte at a haematocrit of 5% in the concentrate. The same procedure was performed with 
a subpopulation that had been incubated with 8-MOP but not exposed to UVA. 


Lymphocyte prokferation. The uptake of [(*H]-thymidine in lymphocyte cultures was 
measured in the absence and in the presence of a conventional mitogen (phytohaemagglutinin). 
Samples of cells which had undergone the combined treatment (8-MOP plus UVA) were 
compared to samples incubated with 8-MOP only. 


RESULTS , 
Laboratory tnvestigations 
A significant reduction in the percentage of viable lymphocytes was noted after photopheresis. 
This reduction was directly proportional to the UVA dose with a time of 270 min of therapeutic 
UVA irradiation resulting in a 40-70% decrease of absolute viability 7 days after treatment. In 
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TABLE 1. Pnotopheresis in pecriatic arthritis. Lymphocyte 
viability (percentage of viable lymphocytes) 
matinee Ra ALON ARENA RRP SRE OOH Salinan AA AAA EA a AERAN TS a rna a tte 





Day alter treatment 
Patient i 3 
B.K. Pretreatment* 100 98 o8 
Afer UYA treatment tE 





After UYA treatments 
E 100 97 92 


£s 100 RO 53 


K.M. Precreatment 100 98 98 
Afer UWA treatment “fe 

i 99 98 97 

2 99 92 96 

3 99 85 77 

+5 99 77 59 


D.H., Precreatment 99 99 99 
After UVA treatment iki 
i 99 98 87 
z 99 98 87 
3 99 98 79 
45 99 97 57 
S.M. Preereatrment 99 99 ag 
After UKA treatment (Eor 
i 99 99 93 


es fad Bp 
ho o yr 
© 
oO 
mJ 
CRD Stak 








* These cels had been expose: co 8-MOP ix vivo but were 
not irradiated and aso maincained in culture wp to 7 days. 





contrast, incubation with 8-MOF alone led te a 1-4*;, reduction of viable cells after the 7 days 
observation period (Table 1). A marxed reduction of lymphocyte proliferation and mitogen 
response im vitro as measured by the [*H]-thymiine incorporation rate was also found. The 
average counts before and after icradiation undex spontaneeus and stimulated conditions are 
given in Table 2. 






Clinical response 
All five patients had received various forms cf treatment including gold salts, D-penicillamine 
and PUVA with short-lasting or unsatisfactory sults. The total duration of ehotopheresis 
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TABLE 2. Photopheresis m psoriatic arthritis. Lymphocyte proliferation 
(incorporation of [*H]-thymidine*) 





: Pretreatment Post-treatment 
Pretreatment Post-treatment (+ PHA) (+ PHA) 
Patient (x+38) (x-+8) (x8) (x+8) 


KM 2585+ 1021 SI7t 139 120363 +9747 18615 +2874 
DH. 119155045 $5354 1538 46318 + 14608 106364 2033 
S.M. 1765+ 356 117+ 85 s1820 Ł 12497 1300+ 458 
W.R. 3218 + 170! 1348+ 189 197848 + 24046 3262+ 662 
B.K. 17508 + 4680 477Ł 238 s6809 + 4692 2515642073 





* Values given are average counts per minute of five samples. 


TABLE 3. Photopheresis in psoriatic arthrins: clinical 
~ results I 


Grip strength 
Week of left/right Pain 
Patient treatment (mm/Hg) score™ BSR 


B.K. O 300/300 2 16/40 
20 300/300 2 =. 23/50 
32 300/300 2 28/45 
K.M. fe) 230/035 2 28/155 
20 210/165 ı  -6ajọ6 
S.M. o osojoso 3 65/85 
20 osojos5 2 60/90 
56 120/140 1 $0/9a 
W.R. o 300/300 a — 70/105 
20 250/300 I 28/50 
60 300/300 o 10/20 
D.H. o 140/220 I 13/29 
20 250/300 I 8/25 
34 250/300 o 5/11 


* Pain score: o, absent; 1, slight; 2, moderate; 3, 


severe. 
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treatment was between 20 and 60 weeks. The clinical response of the patients was not uniform 
and is summarized in Table 3 and 4. Treatment with the non-steroidal anti-rheumatic drugs 
remained unchanged in three of the patients throughout the study. In one patient (B.K.) the 
dose had to be increased and in another patient (W.R.) it was reduced and finally discontinued. 
Blood sedimentation rate monitored as a parameter of inflammation decreased in only one 
patient (W.R.), from a high value to normal. In all the other patients there were no significant 


Four of the five patients reported a reduction of the intensity of pain which amounted to more 
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TABLE 4. Photepneresis mn pscriadec arthritis: clinical 
results I. 





Morning Joint 
Week ef stiffness. swelling 


Patient treatment win) fmm) Skin score 
B.K. © & 59 17 
20 zO 62 17 
32 © 63 17 
K.M. © EO 68 93 
20 Ea 68 69 
S.M. O KS 62 139 
20 5 62 74 
56 > 62 64 
W.R. Q aD 70 203 
20 ES 65 126 
60 2 61 146 
D.H. O I5 65 142 
20 D 65 79 
34 3 65 85 


than one score in two patients (5.51, WR... Morrang stiffness was of shorter duration in four 
patients, whereas a significant change of the grip .crength was observed in only two patients 
(S.M.,D.H.). A clear decrease of swelling of indicator :oints occurred <n one patient(W.R.) who 
had experienced an acute bout of arthritis immediatly after initiation of photopheresis therapy. 
The girth of the indicator interphalangeal joimt increased in one patient (B.K.) but remained 
unchanged in all other patients. 

When the objectively measurabe parameters cf grip strength and swelling were considered 
there was a definite improvement im three patients | +M., W.R., D.H.). Also with the subjective 
parameters, four of the five patients showed an improvement in more than two parameters. In 
one patient (S.M.) an improverment ef the radiegraphic changes was seen that could be 
attributed to therapy. This patieat also showed ctomsiderable improvement as regards grip 
strength and pain. 

In one patient (B.K.) the concitzon worsened dumng treatment and the subjective symptoms 
became more severe, necessitating an increase in the dosage of NSAR. One patient (W.R.) 





the subjective symptoms and the dosage of NS AR xas reduced and finally discontinued. He is 
still in remission I year after phovopheresis was discontinued. The remaining three patients 
improved but were never comp'etely free of symp oms. The lesions of psoriasis showed only 
minimal change and additional therapy with anthra wm, topical corticosteroid preparations, and/ 
or UVB irradiation was necessary. 

In all these patients indicator lesioms had been ‘eft untreated to permit the evaluation of 
possible effects of photopheresis om skin lesions. T 2e skin score of the patients anc its changes 


during the course of the treatment is shown in Tabe 4; no clear improvement of psoriatic skin 
lesions was observed. 
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Side-effects | 

In general, the treatment was well tolerated. Slight symptoms of circulatory dysregulation 
(short periods of dizziness, hypertension) occurred twice in one of our patients (D.H.) Another 
(B.K.) complained ofa painful light sensitivity of his eyes and this lasted for a few days following 
each treatment. Ophthalmologic examination did not reveal anything which could have 
explained this problem. The haematologic and biochemical parameters showed only slight 
change during therapy. 


DISCUSSION 


Extracorporeal photochemotherapy induces damage to peripheral white blood cells,7!:*7:78 and 
studies are in progress to determine the effects on inflammatory diseases and on autoimmune 
processes.”” It has been suggested that the large number of damaged cells induce immunologi- 
cally relevant down-regulatory processes after their re-infusion and subsequent uptake of the 
damaged lymphocytes by the reticuloendothelial system. This hypothesis is based on the 
assumption that T cells with anti-idiotypic activity are formed and inhibit either autonomously 
or reactively proliferating T-cell clones.*? Experiments with animal models?°*! show that 
photopheresis affects autoimmune processes, and this may explain the successful treatment of a 
patient with pemphigus vulgaris.7° 

The present pilot study was intended to evaluate the efficacy of photopheresis in psoriatic 
arthropathy. Our data confirms that this treatment is safe but long-term follow-up will be 
necessary. Since extracorporeal photochemotherapy represents an expensive and time- 
consuming procedure we were unable to perform a controlled double-blind study. Therefore, 
placebo effects, seasonal variations in disease activity and other factors may have influenced the 
results. The five patients treated showed a slight to moderate improvement but further, large 
and controlled studies using photopheresis in inflammatory conditions are required. 
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SUMMARY 


Twenty-five previously untreated acne patients were monitored throughout a 6-month course 
of therapy with either tetracycline or minocycline for changes in the numbers of staphylococci, 
propionibacteria and yeasts of the genus Malessezia on the skin surface. Antibiotic resistant 
staphylococci and propionibacteria were also counted. Minocycline (§0 mg b.d.) produced a 10- 
fold greater reduction in propionibacterial numbers compared to tetracycline (500 mg b.d.) after 
12 (P < 0-02, t-test) and 24 weeks (P < 0-05) of therapy. As treatment progressed, propionibac- 
teria were replaced by yeasts, numbers of which were significantly increased by week 12 
(P < 0-02) in tetracycline-treated patients and by week 24 (P<o-o1) in minocycline-treated 
patients. This suggests that yeasts have no role in the pathogenesis of acne but may compete with 
propionibacteria for the same niche. Overgrowth of antibiotic resistant staphylococci prevented 
any decrease in staphylococcal numbers in tetracycline-treated patients, but minocycline 
produced a significant and sustained reduction in staphylococcal numbers after 1 week of 
therapy (P<o0-001). An increase in the number of multiply resistant (23 resistances) 
staphylococci occurred in 67°, of tetracycline-treated and 33°, of minocycline-treated patients 
by the end of the treatment period. There was no evidence of propionibacterial resistance in 
either treatment group. This study shows that minocycline has much greater antibacterial 
activity in vivo against both staphylococci and propionibacteria and produces less staphylococ- 
cal antibiotic resistance than tetracycline. 


Tetracyclines have been the antibiotics of choice for acne therapy for almost 30 years. Various 
studies have compared the efficacy of the different tetracyclines currently available for the 
treatment of acne.'~© No clear evidence has emerged to prove the superiority of any of the newer 
tetracyclines (e.g. doxycycline, minocycline) over the parent compound (tetracycline HCl). 
However, in the main, comparisons have been made based on clinical evidence alone. The 
present study was undertaken to compare the anti-microbial efficacy of minocycline and 
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tetracycline and the effects of their prolonged admnistration on the incidence of antibiotic- 
resistant staphylococci and propionikscteria, and tc determine whether one tetracycline was 
superior to another on microbioclegice! grounds., 


METHODS 


Subjects 

Twenty-five acne patients were stadied. None had previously been treated with oral antibiotics 
for acne nor had they received any antibiotic, cther than penicillin, in the 12 months prior to the 
study. The patients were divided into two groups,.one of which (seven females, five males; mean 
age 17'1 + 1-54 years) received 5oc mgb.d. tetracyclime (Achromycin. Lederle, Gosport, Hants, 
U.K.). The other group (seven females, six males: mean age 16-5 = 1-39 years) received 50 mg 
b.d. minocycline (Minocin, Lederle). Treatment wes continued for 6 months. No adjunctive 
therapy was permitted. Patients were assessed pretreatment (two visits) and after 1, 12 and 24 
weeks of therapy. 





Microbiology 

Sample collection. Bacteria and yeascs were obtained frem the skin surface (right cheek) by a 
detergent scrub technique.’ Viable counts were oSta:ned by plating out serial 10-fold dilutions 
of the wash fluid onto Brain Heart Infusion agar (incubated anaerobically at 37°C for 6 days) for 
isolation of propionibacteria, ontc heated bloed agar ‘incubated aerobically at 37°C for 2 days) 
for isolation of staphylococci and onte a nove! mak-oased medium® (incubated at 34°C for 14 
days in a moist chamber) for isoletion of yeasts of the genus Malessezia (Pityrosporum). 





Detection of antibiotic resistance Ancibiotic-resixstaat propionibacteria were counted directly 
from skin by plating-out 1o0-fe'd ditions of wash flwid onto Brain Heart Infusion agar 
containing tetracycline (3:2 or 128 mg/l) or minocycline (1-6 or 5-4 mg/l). The medium was 
supplemented with 2 mg/l of furazolidone to preverm the growth of staphylococci.’ Staphylo- 
cocci resistant to a variety of antibiotics were detected by plating-out wash fluid directly onto 
IsoSensitest agar containing tetracycline (12-3 mg’), minocycline (6-4 mg/l), erythromycin (5 
mg/l), clindamycin (5 mg/l), trimethoprim (20 mg’ 1), fusidic acid (2 mg/l), chloramphenicol (10 
mg/l) or gentamicin (5 mg/l). Eaca different stapbylecoccal colony type from the selective and 


TABLI 1. Microbial cours before crearment 











Mean lozio cia * iom? skin = SEM before treatment 


‘) etracyciine-creaced Mioeycline-treated 
patient: patients 
Total staphylococci AZARAE BSE 434 +0°26 
Ter® staphylococci 2Id+o-g4 265 +047 
Min® staphylococci (a) C 
Propionibacteria AZ 7&+ oss 4674+030 
Malessezia spp. 247+0-@3 2-67 +030 








* efu, colony foraire: unit 
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non-selective media (a minimum of six isolates per patient) was purified, re-tested for antibiotic 
resistance and stored. The isolates were then biotyped by the method of Kloos and Schleifer!® 
and tested for multiple resistance to 18 antibiotics. Resistances were recorded after 18-24 h 
incubation at 37°C.'! Table 1 shows the mean counts of the various microbial groups before the 
start of therapy. | 


Glinical assessment : 
Clinical improvement was assessed on each visit by acne grading.!? 


Statistical analyses 
Results were analysed using Student’s t-test. 


Logie cfu/em® skin 





Treatment (weeks) 


Nig cfu/om* skin 


} 
Sai 





0 : (2 24 
Treatment (weeks) 


FIGURE 1. Changes in microbial numbers during minocycline therapy. (a) Changes in total staphylococcal 
numbers (®——-@), and in numbers of tetracycline (@ @) and minocycline (0 CT} resistant 
staphylococci. (b) Decrease in propionibacterial numbers ( á- A) and the increase in yeasts of the genus 
Matlessezia (e). 
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RESUETS 


Effects on microbial numbers 

Total and antibiotic-resistant staphylococci. Tie « af minocycline and tetracycline on 
total staphylococcal numbers at the skin surface are shown in Figures 1 and 2 respectively. 
Minocycline produced a significant amd sustaineé reductien in total staphylocecc: after 1 week 
of therapy (Table 2). None of the patients carried any minocycline-resistant (Min®) 
staphylococci before treatment. There wes 2 sigmificant rise m the number of Min 
staphylococci after 12 and 24 weeks of minecycline therapy (P <c-o1). However, there was 
considerable variation between patierts. ranging = “rom. a total absence of Min? strains after 24 
weeks to the complete replacement of the crigra! sensitive flore with Min® staphylococci. 
Minocycline therapy did not result <n a significant increase in tetracycline-resistant (Tet®) 
staphylococci. After 24 weeks, six patients casried mere Tet? staphylococci than before 
treatment, four patients carried fewer and two showed nc overall change. 
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FIGURE 2. Changes in microbial muenbers during setracycline therapy. Legend as for Figure 1. 
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TABLE 2. Statistical significances of temporal changes m microbial numbers during tetracycline and 





mimocycline therapy 
Significance (Student’s r-test) 
Minocycline 
Weeks from start vs. 
Microbial group of therapy Minocycline Tetracyclme Tetra 
Total staphylococci I ĻP <0 Oo! P=NS P=aNS 
12 ĮP<0 02 P=NS P=NS 
24 |P<o02 P=eNS P=NS 
Tetracyclme resistant staphylococci I PaeNS P=NS P=NS 
12 PeaNS TP <c-oo1 P<oor* 
14 P m NS TP <0-001 PaNS 
Total propionibacteria I PNS P=NS P=NS 
12 |P <o-oor LP <o-01 P<coat 
24 [P<o-oo1 IP <0 05 P<o ost 
Total yeasts of the genus Malessesta I P=NS P=NS P=NS 
12 PeNS tP<oo2 P<oost 
24 TP <o-o! TP <o-01 PeNS 
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l, Significant decrease from To (untreated). 

t, Significant merease from To (untreated). 

NS, Not significant 

*, Tetracycline produced a greater increase in Tet? staphylococci than minocycline. 

+, Mimocycline produced a greater decrease in propionibecterial numbers than tetracycline. 

$, Tetracycline produced a greater increase in numbers of yeasts of the genus Malessezia than 
minocycline. 


In contrast, overgrowth of Tet® staphylococci prevented any decrease in total staphylococcal 
numbers in tetracycline-treated patients throughout the treatment period (Fig. 2, Table 2). By 
week 24 the count of Tet® staphylococci approximated to the total staphylococcal count before 
treatment in all but two tetracycline-treated patients. 

One minocycline-treated patient carried 3-4 x 10° more staphylococci/cm? skin at the end of 
the treatment period than at the start. This patient experienced a considerable flare of his acne 
between weeks 12 and 24, which may have been due to a staphylococcal folliculitis. 


Total and antibtotic-resistant propiontbacteria. Both tetracycline and minocycline produced a 
> 1 log-fold mean reduction in propionibacterial numbers by week 12 (Figs 1 and 2). However, 
minocycline produced a 10-fold greater reduction than tetracycline (P<0-02, Table 2). 
Between weeks 12 and 24, numbers of propionibacteria began to rise in both treatment groups 
but remained Significantly depressed compared to pretreatment levels. None of the patients 
yielded any Tet® or Tet®Min® isolates throughout the treatment period. 


Malessezia spp. In minocycline-treated patients the numbers of yeasts remained unaltered 
during the first 12 weeks of therapy. By week 24 there was a significant increase in the number of 
yeasts present at the skin surface (Fig. 1, Table 2). In tetracycline-treated patients the rise began 
earlier so that a significant increase had occurred by week 12 (Fig. 2, Table 2). 
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Maultiply-resistant staphylococa. Six minocychne-treated anc seven tetracycline-treated 
patients carried no multiply-resiszant staphylocecci at To. In the maiority of patients there was 
very little oscillation (< 1%, change between tt 
patients who went on to be treaced with minocya 








number of tetracycline-treated petients carrying multioly-resistart staphylococci rose steadily 
(Table 3). There was a similar bat less obvieus trend in the minocycline-treated patients. In 
general, minocycline-treated patients who did mot develep significant numbers of Min® 
staphylococci tended to show either a decrease in the number of multiply-resistant strains or no 
overall change. In contrast, minocycline-treated patients whe did develop Min® staphylococcal 
floras tended to show a concomitant ir crease in mm tiple resistance. The changes in the carriage 
of multiply-resistant staphylocecci are illustrated for three patients in Table 4. Subjects V.M. 
(tetracycline-treated) and A.S. (minocvcline-treated) showed an increase in multiply-resistant 
strains, whereas subject A.C. (miaocyeline-treated) showed « decrease compared-with Ty. The 
staphylococcal strains that were predominant (i.c. present in greeter numbers than any other 
single strain) in each subject at the end of treatmemt are shown in Table 4. Despite the fact that 
the majority of tetracycline-treated patients cæried multiply-resistant staphylococci, the 
predominant strain often had a sample resistance pattern—either Tet? or Tet®Pen®. This was 
less likely to be the case in minocrclime-treated patients. In five out of six patients in whom the 
predominant strain was Min®, it was also multip!y-resistant. In orly five out of 24 patients was 
the predominant strain identified as a species ether than S. epwlermidis (Table 5). Neither 
tetracycline nor minocycline selected “or staphylococci-carrying resistances to aminoglycosides 
(gentamicin, kanamycin, neomycin, tebramycin cr amikacin), rifampicin, vancomycin or 
cephalothin either singly er as part ef a multiply-resistant phenotype. One patient acquired 








TABLE 3. Temporel changes mm the carriage of multiply 
resistant staphyloeece: during mmocycline and tetracycline 
therapy 





beumber of patients with 
change m coun at T weeks 
irom stant of therapy} 





Antibiotic ~~ g” +1 i I2 +24t 
Minocycline  Irerease 2 D 4 4 
(n= 13) No change § to 6 S 
Decrease 2 3 3 3 
Tetracycline Inrerease l 3 Fi 8 
(n=12) No change 9 7 4 3 
Decrease A 2 I I 





* Only ro minoeveline and 11 tecracycline-treated patents 
sampled, 

ft Only r2 minocychne-treates! pavients sampled. 

Initially, «x mimoeycline- amd seven tepracycline-treated 
patients carred ne multiply resistem staphylococci. 
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TABLE 6. Clinical improvement during tetracycline and mmocycline therapy assessed by acne grading 


Minocycline Tetracycline 


To T, a Tas To T; 2 Tas 





Mean grade (all patients) o82+019 o47Ł008 o36+006 043+006 o34żŁ005 ©20+Ł0'05 
Proportion of 


patients with — 8/13 1o/12 — 7/12 9/12 

reduced grade : 
Mean % reduction i 

in acne grade — 61350 560472 — 4076+86 65°54+84 

(responders) 


Mean + SEM, in ail cases. 


small numbers of aminoglycoside-resistant staphylococci, whereas two patients, who carried 
such strains before treatment, lost them during minocycline therapy. Low numbers of 
methicillin-resistant staphylococci were present before and/or during therapy in 48% of 
patients. Multiply-resistant S. aureus were not isolated before or during therapy. 


Clinical improvement 

As expected, both tetracycline and minocycline produced clinical improvement in the majority 
of patients (Table 6). Although the minocycline-treated patients had a higher mean grade before 
treatment, the percentage improvement was similar in both groups. Two minocycline and one 
tetracycline-treated patient showed a flare in their acne at week 24. Gram-negative folliculitis 
was excluded in all three patients. Staphylococcal overgrowth was the most likely explanation 
for the flare in one patient. The microbiology of the remaining two patients was normal. 


DISCUSSION 


This is the first study to simultaneously monitor change in numbers of propionibacteria, 
staphylococci and yeasts of the genus Malessezta, and the development of bacterial resistance, 
during a standard 6-month course of oral antibiotic therapy for acne vulgaris. The main entry 
criteria, that the patients were previously untreated, minimized the risk that the microflora was 
already perturbed by earlier therapy, particularly antibiotic resistance of staphylococci. The 
observed changes were likely to be simpler than in patients on repeated courses of therapy. 

Minocycline at one-half full therapeutic dose produced a 1o-fold greater reduction in 
propionibacterial numbers than tetracycline at full therapeutic doses. A similar superiority of 
minocycline was found by Leyden, McGinley and Kligman® using full therapeutic doses of both 
antibiotics. Irrespective of the antibiotic used, suppression of propionibacterial numbers was 
greater after 12 than 24 weeks of therapy. A rising bacterial count during antibiotic therapy 
usually indicates the development of resistance. However, in all patients the propionibacterial 
flora remained fully sensitive to both antibiotics. An alternative explanation for the rising 
propionibacterial count is that, as the acne improved, patients’ compliance diminished, so that 
the antibiotic concentration on skin dipped below a minimum inhibitory level. 
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tetracycline therapy. %15 This is the first report ef Malessezia overgrowth in patients treated 
with tetracyclines. The recent development of a reliable culture medium for these organisms? 
has made it possible to accurately "ollow changes ir their numbers during treatment. Malessezia 
yeasts have recently been found © cause an increased incidence o° seborrhoeic dermatitis and 
pityriasis versicolor in immunocompromised hosts such as AIDS patients.'® 1" Therefore, the 
expansion of the cutaneous yeast population may 3€ related to the immunosuppressive activity 
of the tetracyclines.'*?° Whatever the cause, the imcreased number of cutaneous yeasts does not 
lead to a clinical deterioration in the acne patierts. 

Minocycline produced a significant and sustained reduction in s:aphylococcal numbers after 
1 week of therapy. Overgrowth of Tet® staphelecocci prevented any similar decrease in 
tetracycline-treated patients. These resuits suppor the findings of Marples and Kligman*! who 
found that, after 3 weeks of oral therapy, minocyc:ime but not tetracycline produced a significant 
reduction in staphylococcal numbers on the forehead. Before theraps was initiated 23 out of 25 
patients (92°,,) carried Tet? straias as a proportion of their staphylococcal flora (ranging from 
4 x 10°-8 x 107 organisms/cm* skin and from 0-25-94". ef the total staphylococcal count). 
None of the patients carried staphylococci exprersing Min” before the start of treatment. In 
staphylococci, resistance to tetracyclire is encodec by either plasmid or chromosomally located 
Tet® genes.?™?> Tet? genes with a plasmid locws confer resistence to tetracycline but not 
minocycline. Only chromosomally located Tet? genes confer resistance to minocycline which 
can be either inducible or, more commonly, ceastitutive.-°-?* Overgrowth of tetracycline- 
resistant organisms in tetracycline-treated patients occurs $9 quickly »=ecause of the high level of 
tetracycline resistance existing befor? treatment. In contrast, minecycline can inhibit Tet? 
staphylococci as seen by their fa Jure to proliferate in minecycline-treated patients between 
weeks I-12 of treatment. Eventmally. in the presence of sustainec selective pressure, some 
staphylococci acquired Mink, but the precise mechanism by whicn this occurred is unknown. 
Between weeks 12 and 24 the total number cf staphylococci began to rise due to the 
multiplication of Min® strains. However, stapt ylococcal numbers were still significantly 
depressed at the end of the treatment period in mtinocyclime-treated patients. 

Two previous studies have ceported decreases in sttaphylcceccal numbers with oral 
tetracycline therapy. Goltz and K artaanson?* fowad a highly signiticant reduction after 14 days 
therapy with tetracycline HC] at a dose of 250 mg b.d., the reductioa being maintained with a 
reduced dose of 250 mg once daily for a further 4 weeks. Marples ard Williamson** also found a 
reduction in staphylococcal numbers after 8 days therapy with mg demethyichlortetracy- 
cline. However, numbers of staphylococci began te rise immediate v thereafter as a result of the 
multiplication of Tet® strains. The reason why our study failed to show a reduction in 
staphylococcal numbers with oral tetracycline might be explained by the presence of higher 
numbers of Tet® strains on the skin cf untreated subjects than thers were 20 years ago. 

Multiply-resistant coagulase-negatve staphylococci, especially S. epidermidis, are becoming 
increasingly implicated in infections of compremised hosts such as patients on CAPD, 
premature neonates and those who have undergone cardiac surgery.” It is important to 
determine whether antibiotic therapy for acne ncreases the number of multiply-resistant 
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staphylococci at the skin surface, from where they can be easily disseminated. The enumeration 
of multiply-resistant staphylococci is a painstaking and time consuming procedure and has not 
previously been carried out in acne patients treated with oral tetracyclines. Before Taman 

28% of patients carried > joo multiply resistant strains/cm? skin (range 1-9 x 107-19 x 10° 
organisms/cm) despite not having received any antibiotic therapy in the 12 months prior to 
sampling. Tetracycline produced an increase in the number of multiply-resistant strains in 67% 
of patients by the end of the treatment period. In the case of minocycline, only those patients 
who developed a Min® staphylococcal flora showed a concomitant rise in multiple resistance. 
Although minocycline selected for less multiple resistance overall, resistance patterns of 
predominant strains tended to be more complex in minocycline-treated patients. Neither 
antibiotic selected for resistance to the major anti-staphylococcal antibiotics or for Peake 
resistant S. aureus at the skin surface. 

This study has shown that, during a standard 6-month course of treatment without 
concomitant topical therapy, minocycline is superior to tetracycline in two important aspects. It 
demonstrates greater antibacterial activity in vivo against both staphylococci and propionibac- 
teria and selects for less staphylococcal antibiotic resistance. 
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SUMMARY 


We report the case of a boy, now aged 4 years, with a progressive, painful and disabling — 
palmoplantar keratoderma, associated with well-defined hyperkeratotic plaques around the 
mouth and nostrils. His mother has an identical palmoplantar keratoderma. The palmoplantar 
keratoderma failed to improve with etretinate, but considerable benefit resulted from full- 
thickness excision of the skin of both palms, followed by skin grafting. We believe that he has a 
distinctive but extremely rare form of hereditary palmoplantar keratoderma, first described by 
Olmsted. . 


CASE REPORT 


A 3-year-old boy presented with palmoplantar keratoderma which started on his soles at the age 
of 16 months, and later appeared on the palms at the age of 23 months. The keratoderma had 
initially been focal (Fig. 1a, b), but had extended and thickened rapidly during the 4 months 
prior to presentation at this hospital. The affected areas were often very painful. His mother 
regularly shaved down the keratin with a surgical blade, which helped to maintain the function 
of his hands and feet, and reduced the pain. 

He was born at term weighing 2:93 kg (10th centile), and was breast-fed for 3 months. There 
were no neonatal problems, and he had no cutaneous abnormality other than ‘cradle cap’ until 
the age of 16 months. 

His parents were unmarried and the boy had no siblings. His father, a West Indian Black, was 
unrelated to his mother, who was a Jordanian by birth and aged 32 years at the time of her son’s 
presentation. She had less severe palmoplantar keratoderma but it had resulted in the loss of six 
of her toes and significant disability. She had been abandoned and placed in care in the U.K. in 
her teens, and at the age of 11 years she was the subject of a published case report.’ 
Subsequently, in a series of operations, the skin of her palms and soles was excised down to the 
subcutaneous aponeurosis, with subsequent split-skin grafting. She still regularly shaves down 


245 


246 % Je Atherter et al. 





FIGURE 1. (a) Palms and (b) soles a! 25 months, showing l-cire cribec. symmetrical areas of focal 


Keratoderma 


remaining hyperkeratotic areas herself. She does net have skin or mucosal lesions other than the 
palmoplantar keratoderma, and there & no extension beyond the wrist and ankle. She feels great 
resentment towards her parents, from whom she believes she has inherited the condition, 
though they were neither related nor affected. 

On examination at presentation, our patient's beight was 88 cm (roth centile), and his weight 
was 10°24 kg (below 3rd centle). General examination was unremarkable His social 
development was grossly delayed. The entire surface of his palms, soles, and the corresponding 
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FIGURE 2. Palms at presentation at 40 months, showing diffuse, thick keratoderma, with maceration, 
fissuring and superficial pitting. 


aspects of the fingers and toes showed marked keratoderma, of yellowish colour, macerated 
texture and with superficial pitting (Fig. 2). The keratoderma extended on to the flexor aspects 
of the wrists, and on to the lateral aspects of the hands and fingers. Similarly, on the feet, the 
keratoderma extended slightly on to the lateral aspects of the feet and toes. The borders were 
erythematous, hyperpigmented and tender, with the keratoderma breaking up into thick flakes. 
The finger- and toe-nails were all thickened and transversely ridged. The finger joints showed 
flexion contractures, and there were deep and painful fissures in many of the joint creases of both 
the fingers and toes. Pus was draining through a defect in the keratin in the centre of the left 
palm. There was a brownish yellow crusted plaque immediately below the whole length of the 
lower lip. Otherwise his skin was unremarkable and there was no involvement of the perianal 
area. 

All investigations were normal, other than a delayed bone age of 2 years. His failure to thrive 
was considered to be due to an emotional cause and his delayed social development was believed 
to reflect both his emotional deprivation and his failure to become mobile or to develop manual 
skills because of the painful keratoderma. 

His initial treatment comprised 1:8000 potassium permanganate soaks twice daily, with 
regular application of 10°, lactic acid lotion, and a mixture in equal parts of liquid paraffin BP 
and white soft paraffin BP. He was also given etretinate in a dose approaching I mg/Kg per day. 
He failed to gain weight and 3 months after presentation, he was commenced on supplementary 
overnight nasogastric feeds. Despite these treatments, and the fact that his mother would 
secretly shave down the thick keratin, the keratoderma became progressively thicker, more 
warty and fissured (Fig. 3a, b). The palms and soles became extremely malodorous. The 
survival of his fingers and, particularly, his toes, appeared to be threatened both by the 
constricting effect of the keratoderma and by the extremely deep fissures that had developed in 
the flexor creases at their bases. The fingers were becoming increasing flexed, particularly at the 
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FIGURE 3. (a) Left palm and b) righ sole at the age of §: months. 


proximal interphalangeal joints. | he ecretinate was discontinued, and we decided to shave down 
the stratum corneum on the palms and soles at 3-4 weekly intervals, under a genera! anaesthetic. 

Five months after presentation, it was decided :o excise the volar skin. The right hand was 
explored first, under general anaesthetic. It was clear that the joint contractures reflected tension 
exerted on the phalanges via Cleland s ligaments. due to skin shortening. When the skin was 
removed all the finger joints exhib ted a ful range of movement. A split thickness skin graft from 
the thigh was used to surface the palm, and ful! thickness nguinal grafts were used for the 
fingers. Longitudinal Kirschner wires maintained the interphalangeal joints in extension for 6 
weeks, following which active physiotherapy was pursued. Two months later, despite 
physiotherapy and splintage, flexion contractures recurred at the proximal interphalangeal 
joints. These were released under angesthesia; further split thickness skin grafts were applied 
and Kirschner wires inserted. Six weeks later, ph siotherapy was re-instituted after the wires 
had been removed, and the hand was splinted in =xtension when not in use. 

Five months after the original procedure on the right hand, the left was explored. The skin 
was softer, with no real plane existing >etween the dermis anc the palmar fascia. Consequently, 
excision was to the deep derma! level only. again ower the whole of the palmar and volar digital 
skin, with a split thickness skin graft to cover the defect. No internal splintage was used, 
extension being maintained with a Silastic “oam dressing. There was a full take of skin graft with 
no recurrent contracture. Some extension of the keratoderma has occurred just beyond the 
borders of the grafted areas. We nave continued >o shave down the plantar keratin every few 
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FIGURE 4. Massive hyperkeratosis and parakeratosis of the excised palmar skin. The malpighian layer is 
greatly thickened and pallid (H&E x 120). 


wecks, under general anaesthesia. It is not planned to graft the soles as we fear that the functional 
result would be poor. 

Interestingly, the skin graft donor sites on his anterior thighs became covered by yellowish- 
brown hyperkeratotic plaques very similar to the perioral lesions, while they were healing. 
Initially, this seemed to delay healing but was followed by full, normal healing. 

Histological examination of the excised palmar skin showed massive thickening of the horny 
layer in which the nuclei were retained (Fig. 4). On the most superficial surface of the biopsy, the 
pattern was that of conventional parakeratosis, but lower down in the stratum corneum the 
nuclei are rounded. The Malpighian layer itself is also markedly thickened, and the 
keratinocytes, for most of the thickness of the true epidermis, are large and have a slightly pale, 
hyalinized appearance. In the underlying dermis there is mild inflammation and prominent, 
rather dilated blood vessels. 

In addition to the progression of the palmoplantar keratoderma, the perioral eruption became 
more extensive and hyperkeratotic. At the time of the grafting of his left hand, there was a 
hyperkeratotic plaque about 2 cm in width, running below the entire length of the lower lip and 
including the angles of the mouth, but sparing the vermilion. This plaque had an erythematous 
border, and closely resembled the skin changes found on the palms and soles. At the age of 51 
months, the plaque had extended considerably and a similar lesion ran just below the nose 


(Fig. 5). 
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FIGURE §. Appearance œ the mouth cod nose at the age of 51 months. 


The relationship with his mother dad not improve, and he was su sequently taken into the 
care of the local authority, eventually being discharged to foster parents, in whose care his 
feeding, weight, mobility and social development have progressively improved. 


DISCUSSION 


Several cases, both sporadic and femilial, have been described in which palmoplantar 
keratoderma has been complicated by ‘he development of constricting bands of keratin around 
the bases of digits, eventually beading to them strangulation and autoamputation. The great 
majority of these cases have demonstrated other cl nica features that have helped to identify a 
distinctive type of keratoderma, now generally known ether as ‘muti ating keratoderma’, or as 
‘Vohwinkel’s syndrome’.? In addition to the tendency to autoamputation of digits, which 
generally becomes apparent during the second decade ef lite, the characteristic components of 
this condition include palmoplantar keratoderma, wit a ‘honeycombed’ surfaee, ‘knuckle- 
pads’ and/or ‘starfish’-shaped keratoses of the Corsa of the hands and feet, and linear keratoses of 
the elbows and knees. ** 

Constriction and spontaneous amputation of the digits has alsc been reported in three 
individuals who appear to have had a <istinctrve syndrome first described by Olmsted.° This 
case was a §-year-old boy with thick, deeply fissured palmoplantar keratoderma which had 
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appeared during the second 6 months of life, and which led to spontaneous amputation of the 
terminal phalanges of two of his fingers.” The palmoplantar keratoderma was accompanied by a 
facial eruption, described as comprising a ‘row of yellow-brown plaques of epidermis, 
interrupted by fissures, and situated parallel to the mucocutaneous junction of the lower lip and 
the angles of the mouth’, and a rather similar eruption in the perianal area. The clinical 
photographs of the palmoplantar keratoderma and the facial eruption show a striking 
resemblance to the lesions seen in our patient. 

A very similar case was later illustrated by Costa under the title ‘polykeratosis of Touraine: 
pluriorificial keratosis of Olmsted’,® and two other similar cases were subsequently reported by 
Ruiz-Maldonado and Lozano-Ferral,’ and by Poulin and colleagues.? These cases show 
striking resemblances to our own patient. In one,® psychomotor development is noted to have 
been normal at the age of 2 years, and the patient is said to have been of ‘normal mental habitus’, 
but of short stature at the age of 21 years. In this patient, the perianal area, the groins and inner 
thighs, the perioral and perinasal areas, the ears and the anterior neck, were all recorded as 
involved by the age of 2 years. This patient also featured total alopecia and joint hypermobility, 
and at the age of 3 years, a linear hyperkeratotic streak had started to extend up both wrists from 
the palms. By the age of 21 years, several of these streaks had developed, extending from the 
palms up the flexor forearms, and linear keratoses had appeared in the antecubital fossae. One of 
the main differences between our own and the four previously reported cases is the absence of 
perianal involvement in our patient, though this may still develop. We have the impression that 
the cutaneous plaques may, to some extent, develop as a response to trauma, as in our child’s 
skin graft donor site, so that the distribution would be likely to vary somewhat between cases. 
Another difference is the absence of oral leukokeratosis, which was present in two of the four 
previously published cases.°"* 

Despite the minor differences, we believe that our patient has the same condition described in 
these four previous cases, i.e. Olmsted’s syndrome. Whereas the previous cases had occurred 
sporadically, in ours there is clear transmission from mother to son and it is likely that the 
condition behaves genetically as an autosomal dominant trait. 

Although the longer-term value of the grafting procedures remains to be established, the 
result in the short-term has been gratifying, and it is hoped that there will be a decreased risk of 
spontaneous digital amputation. Certainly, the similar operations undertaken on his mother 
have provided long-term benefit, and she has since lost no further digits. We anticipate, 
however, that the keratoderma will extend beyond the grafts at their periphery, and that further 
surgery may be necessary. 

It is difficult to decide whether his retarded growth and psychomotor development were 
direct reflections of his disease, or of his unsatisfactory social circumstances. This remains 
unclear, although it is interesting that Olmsted’s own case was reported to have somewhat 
delayed motor and speech development, and was described as having a poor appetite, being 
malnourished and of small size. The case of Poulin ez al.® was also of short stature but with 
normal psychomotor development. Perhaps poor growth is a feature of the disease, whereas 
psychomotor delay is not. The profound and painful palmoplantar keratoderma would interfere 
with the child’s ability and willingness to walk and to develop manual skills. 
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SUMMARY 


Homozygous variegate porphyria is described in a 14-year-old girl with a unique clinical 
presentation of photosensitivity from the second year of life, mental retardation, clinodactyly, 
and normal growth rate. The erythrocyte protoporphyrin concentration was raised with the 
protoporphyrin being predominantly zinc-chelated, which appears to be characteristic for all 
homozygous hepatic porphyrias. Protoporphyrinogen oxidase activity in lymphoblasts was 
decreased in both patient and parents despite the latter having normal porphyrin excretion. 


CASE REPORT 


W.L., a 14-year-old girl had, from the age of 18 months, recurrent small blisters, crusts and 
erosions on the sun-exposed areas of skin, especially on the face and backs of hands. They 
predominantly occurred during the summer. Increased skin fragility of the sun-exposed areas 
was noticed from the age of five and she had mild flexural atopic eczema from the age of six. 

She was born by Caesarian section at 40 weeks gestation and suffered two convulsions of 
uncertain cause during her first 12 months, but there were no other neuropsychiatric episodes. 
She was mentally subnormal and attended a special school. Her parents were unrelated and 
there was no family history suggestive of porphyria. 

Examination showed she was of normal height (155 cm) and weight (54°4 kg). The skin of face, 
backs of hands and knees was dry with crusts, erosions, milia and multiple superficial scars, but 
no obvious hypertrichosis or sclerosis (Fig. 1). Perioral radial linear scarring was present, as was 
clinodactyly and brachydactyly of the fifth fingers and flexion deformities of the other fingers. 
Ophthalmological and neurological examination was normal except for the mental retardation. 

Normal or negative investigations were haemoglobin concentration; white cell count total and 
differential and platelet count; ESR; serum iron concentration and total iron-binding capacity; 
blood sugar; serum urea and electrolyte concentration; liver function tests; anti-nuclear factor 
titre; bone age on hand X-ray. 

Table 1 shows blood, urine and stool porphyrin concentrations for the patient and her 
parents. The patient’s stool porphyrin concentrations were raised as in variegate porphyria, 
protoporphyrin being higher than coproporphyrin with the ether insoluble X fraction also 
elevated. The urinary porphyrin profile was also compatible with variegate porphyria. 
Fluorescence-emission spectroscopy’ of plasma from the patient showed a large porphyrin peak 
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TABLE I. Laberatory investigatiens 


“soband Fatker Mother Normal range 


TATANTANAN NNMAN meaa AANA es Ure en tty ot 120s hehe AS Aedan AA et an oaa, DAERA AEAEE AA ALAA tate y eek Aston oF VEEE eaea age ste VIA Sadeen ae aye EOE a oa ean EN 


Urine 
Uroporphyrin (ug/l 146 O-18 
Coproporphyrin (ugt t84 O-149 
Stool 
Coproporphyrin (ug/g dry wt) 131 § 13 O-30 
Protoporphyrin (ug/g dry wt) 171 E3 i O-125 
Ether insoluble (X) perpherin 
(ug/g dry wt) 332 5 § 0-20 
Erythrocytes 
Total porphyrin (ag/di RBC) Dgs Ta 121 O-95 
Lymphoblasts 
PO enzyme activity (amo! mrotoporph y rin: 
h per mg protein) o6 T23 O29 0-38-0047 
Ferrochelatase activity t“, 92 4G 82 43-92 


at 624 nm, from the mother a very small peak at 62% nm and from the father no abnormality. The 
patient’s erythrocyte protoporphyrin wes about 8c", zinc bound and 20",, free protoporphyrin. 

Protoporphyrinogen oxidase (PO) measured in Epstein-Barr virus-transformed “ymphoblast 
lines as described by Brenner and Bloomer’ usizg protoperphyrinegen purified by reverse- 
phase chromatography? was markedly reduced ir the patient and marginally reduced in both 
parents (Table 1). 

Ferrochelatase activity was estimated in mi‘ogen-stimulated lymphocytes by measuring the 
rate of formation of protoporphyrin from s-amir laevulimate in the presence and absence of 
iron* using desferrioxamine to ensure iron detciency.” The difference between rates of 
protoporphyrin formation with and without iron, expressed as a percentage of the rate without 
iron, is proportional to ferrochelatase activity. Us:ng this technique ferrochelatase:activity was 
normal in lymphocytes from both proband and her parents ‘Table I). 

In view of the abnormal stoci and arinary porshyrin exeretion and erythrocyte porphyrin 
values, the reduced PO activity and the characteriseic fluorescence spectroscopy, the patient was 
diagnosed as having homozygous variegate porph=ria. The parents’ PO activity was just below 
the normal lower limit and therefore compatible with heterozygous porphyria. The marginal 
elevation of the mother’s erythrecyte porphyrin concentrazion was thought to be secondary to 
mild coexistent anaemia. 








DISCUSSION 


In variegate porphyria (VP), an enzyme defect in the haem bosynthetic pathway occurs at the 
protoporphyrinogen oxidase (PO) step, the activity of this enzyme being reduced by 
approximately 50°%,.© This defect is evidently -nheritec ss an autosomal dorainant trait. 
Subjects with the trait generally remain asymptomatic throughout: life, apart frora a minority 
who develop clinical manifestations, often precipitated by exogenous factors, at some time after 


Homozygous variegate porphyria 255 





FIGURE 1. Skin of (a) face and (b) backs of hands showing superficial scarring and erosions. 
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TABLE 2. Details of reported cases of homozygous variegate porphyria 





Clinical feerares 


Age Senin RREA EAE inure id ccs a a pint Don cud ee ahaa tae eS ene eae akin’ Tana eae a AEE EERE TEDA LIA 
No.of onset Photo- Mental Growth 
Report cases (meorths) dermatosis retardation Convulsicrs Clinodactyly setardation 
Kordac et al.® 2 Z3 + i r = P 
Murphy er al.” 2 < 2g + 2 4 
Mustajoki et al.'° I < ip e 4 4 
Proband (WL) #8 + 5 + 4 m 


puberty.’ The main clinical features are a photosensitized increase in skin fragiliey, blistering, 
milia formation and hypertrichos:s of the sun-exposed areas. with intermittent sometimes life- 
threatening acute episodes of abdemiral, neurological and psychiatric disorders. Im our patient, 
the characteristic porphyrin excretory abnormalities of VP are associated with raised 
erythrocyte protoporphyrin level and very low PO activity (less than 20°, of normal) while both 
parents have PO activities clese to helf-normal. “hese findings are those of the homozygous 
form of VP. 

Homozygous VP was first described by Kordac et al.” in two Czech siblings, both with 
marked photosensitivity in the first days of life, mental retardation, eonvulsions and nystagmus. 
Three cases reported subsequently”? t have had or set in later childhood with similar cutaneous 
manifestations, without mental retardation or major central mervous system abnormalities, and 
have in addition demonstratec zrewtk retardation and clinccactyly{ Table 2). Existence of two 
separate subgroups of homozygous VP appears umlikely heavever, since our patrent has both 
central nervous system involvement and climodactyly without growth retardation. Thus, a 
cluster of clinical manifestations cf homozygous VP variably expressed and unrelated to age of 
onset seems most likely. 

Acute abdominal or neuropsycuatnec episodes are expected in VP, and their absence in our 
patient and the others so far reperted is interesting since the very low PO activity might be 
expected to result in increased susceptibility to this complication. Thus, other factors seem 
likely also to be important in leading co this probem. 

Our finding of raised erythrocyte protoporphyrin, predeminan:ly zinc-chelated, has been 
reported previously in homozygous variegate porphyria.”"'' This accumulation of protopor- 
phyrin is also present in hepatcerythropoietic porphyria <homezygous porphyria cutanea 
tarda)'? and in homozygous hered:tary ccoproporphyria'? and appears to be a general 
consequence of severe haem biosynthetic enzyme defects. It may be a useful diagnostic marker 
for all homozygous hepatic perpiryrias. 

Both parents of our patient were asymptomatic with normal faecal porphyrin concentrations, 
despite the presence of the gene for V? suggested by their half-normal PO activity. Similarly, 
apart from the maternal relatives of one patient,” al homozygous VF patients’ parents have also 
been reported as asymptomatic. While this might suggest different defects of the PO enzyme in 
homozygous and classical VP, Mustajcki’ has shown that complete latency in VP is not unusual, 
occuring in over half of affected Firnish petienss. However, the possibility cannot yet be 








genetically heterogeneous. 
Further studies are needed to characterize the exact defect in aomozygous VP. As more 
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patients continue to present, particularly from families with atypical findings, the typical nature 
of the condition will probably.emerge. 
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Isotretinoin treatment of severe acne affects the endogenous concentration of vitamin A in 
sebaceous glands. A.VAHLQUIST, O.ROLLMAN,* D.HOLLAND}t AND W.J.CuNLIFFE,t Department of 
Dermatology, Universities of Linköping and *Uppsala, Sweden, and ¢Department of Dermatology, The 
General Infirmary at Leeds, U.K. 


Isotretinoin is a first line drug for systemic treatment of nodulocystic acne although its molecular 
mechanisms of action are poorly understood. However, since isotretinoin is closely related chemically to 
the naturally occurring retinoids (retinol, retinoic acid), it is possible that the drug may interfere with the 
endogenous metabolism of vitamin A. To study the possible interaction of isotretinoin and vitamin A at the 
target level we investigated 22 patients (aged 15-41 years) with severe nodulocystic acne. Drug and vitamin 
A levels were determined by HPLC in extracts of micro-dissected sebaceous glands obtained before and 
during therapy with 1 mg/kg per day of oral isotretinoin. After 2-4 months of treatment the isotretinoin 
concentrations attained in the sebaceous glands (280-440 ng/g dry weight) were 3—4 times higher than 
those in the surrounding dermis but somewhat lower than those in the overlying epidermis. The vitamin A 
content of the sebaceous glands were markedly affected by the treatment. The concentrations of retinol, the 
predominant form of endogenous vitamin A in the skin, increased 3-5 times as compared to pretreatment 
levels. In contrast, the concentrations of 3-dehydroretinol, a local metabolite of retinol, decreased to 
almost undetectable levels. Similar, but less pronounced, changes in the vitamin A composition were 
found in the epidermis. 

The isotretinoin-induced alterations observed suggest that the drug interacts with endogenous vitamin 
A metabolism in the target tissue. Since 3-dehydroretinol is known to accumulate in hyperproliferative and 
hyperkeratinizing skin disorders, its reduction following isotretinoin therapy may relate to the inhibition 
of cellular differentiation or proliferation induced by the drug. 


Retinoid metabolism by isolated human sebaceous glands. J.A.E.LATHAM, C.P.F.REDFERN AND 
A.].THopy, Dermatology Department, University of Newcastle upon Tyne, U.K. 


Synthetic retinoids are clinically effective in disorders involving abnormal epithelial cell differentiation. 
One analogue, 13-czs retinoic acid (RA), is particularly effective in the treatment of acne where it causes a 
reduction in sebaceous gland size and sebum excretion rate, with subsequent clinical improvement and a 
long-lasting remission from disease. Surprisingly, all-trans RA acid does not have these effects on 
sebaceous gland function although it is a potent modulator of differentiation in other epithelial cells. The 
different effects of 13-cts and all-trans RA on sebaceous gland function could be due to differences in their 
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rates of metabolism and stability in thais tissue. We have therefore mvestigated the rates of metabolism of 
these two stereo-isomers by isolated sebaceous glands « itro. 
Human sebaceous glands were isolated and mceuhatez in DMEM with to, fetal calf serum containing 





esting 


10° ’ Mall-trans-[11,12-°H] or 13~cis-[11,22- `H] RA fer 1-2 days. Aliquots (100 ul) of the culture medium 
and of a control culture containing mediura but no giameis were takenat various time points and analysed by 
HPLC. 

Both isomers were taken up and metabo: ized by the giands. 13-c1s RA was metabolized mere slowly than 
all-trans RA and the half-life was 28-4 h cernpared to m6 h for all-zrans RA. Analyses of sebaceous gland 
lysates suggested that there was mtercor-version of the stereo-isomers, presumably by an endogenous 
isomerase. In both cases, polar metabolites were secre2d into the medium. 

Thus, the slower metabolism of 13-zis RA in the sebaceous glands .compared to that of all-trans RA, may 
in part explain the specific therapeutic effect cf 13-cis RA in acne. 








Effect of low-fat diet on retinoid hyperlipidaersia. J.R.MARSDEN, S.Scott,* R.L.HoLDER+ AND 
N.Cow Ley, Departmenis of Dermatolagy amd * Dietetics Cniversiiy Hospital, Nottingham, aad +Mathema- 
tics and Statistics, University of Berminghem, U.K 


It is unclear if reducing dietary faz intake decreases ren noid hyper ipidaemaa. Thirty-seven patients (24 
male and 13 female, age range 17-41) were treated with :sotretinom | mg/kg per day for 20 weeks for severe 
acne. Group I (x = 13) had their nermal diet for the firs: 1oweeks of treatment (phase i), anc in the second 
10 weeks (phase ii) had a low-fat isocalorx diet wah ns more than 30", total calories from fat. Group 2 
(n= 12) had a low-fat isecaloric diet in phase i and revered'to normal diet in phase ii, and group 3 (n = 12) 
had a normal diet throughout treatraent. Levels of ciplesterol (©), triglyceride (T), anc high density 
lipoprotein cholesterol (HDLc) were measured at 2-week intervals from o-24 weeks. In phase i, C 
increased by 0-32 mmol/l +0-08 SEM in group t; by «30 mmol/l + 0-10 in group 2 and by o-49 mmol/ 
1+ 0-10 in group 3, and in phase ii by 9-10 mmel/l + osa im group 1, by 0-72 mmol/l + oto in group 2 and 
by 0-43 mmol/l + 0-13 in group 3. In phase i, T increasec: by 0:27 mrnol/] + 0-05 in group 1, dy 0o52 mmol/ 
l+ 0-07 in group 2 and by 0-41 mmol +007 ir group =. and in phase ii by o 36 mmol/l + 6-08 in group 1, 
by 0-95 mmol/l + 0-11 in group 2 and by 0-36 mmol 1+ c6oin group 3. In phase i HD Lc decreased by 0-13 
mmol/l + 0:03 in group 1, by 0-31 mmol/l + o-c3 in group 2 and Dy 9-18 mmol/l + 0-04 in group 3, and in 
phase ii by 0-21 mmol/l + 0-04 in group 1, by 0-29 mme¥ l = 0:03 in group 2, and by 0:26 mmol/l + 0-04 in 
group 3. Comparisons between groups n each phase shows a relative decrease in C concentration 
attributable to the low-fat diet (P <0 cor), but reducing dietary fat intake does not ameliorate the increases 
in T or decreases in HD Lc due to isetretanwin, 


A prospective study of the effect of isotretinoin on the sustainable rate of sebum secretion and 
the follicular reservoir in acme patients. B.B.Houcnes, J.GRAY AND W.J.CUNLIFFE, Department of 
Dermatology, The General Infirmary, Leecs, U_K. 


The mode of action of isotretinoin in prodecing long-term remissicn in acne is poorly understood, but is 
thought to relate to the level of seburm secretion. Sequerzia) measurements of sebum excretion over a 24-h 
period suggests that a reservoir of sebum exists in the follicular canals (Downing DT et al. F Invest 
Dermatol 1982; 79: 226-8). This measurement. the fdlicular reservoir (FR), may be ar independent 
variable to the sustainable rate of sebum secretion (SS ER), 

Using the method of Downing er al, sebum was absorbed into bentonite clay over a 24-h period, 
extracted using ether and the weight of sebum calculared gravimetrically. Both the FR ard SSER were 
then calculated from the data. 

Twenty-two patients ‘mean age 19) were entered inte-zhe study. Adl had measurements performed prior 
to treatment with isotretinoin 1 mg/kg per day for 4 rsonths. ‘The patients were randomly divided and 
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measurements performed on 10 patients immediately following completion of treatment and on the 12 
remaining patients 1 year after treatment. 

The mean SSER pretreatment was 0-73 ug cm~* min™! and the FR 376 ug cm~*. Immediately 
following treatment, the SSER was suppressed by 86°; and the FR by 81°,. However, 1 year following 
completion of treatment the SSER remained reduced at 43°, of the original value and the FR suppressed 
by 64%. 

These data suggest that the mechanism of action of isotretinoin in terms of long-term remission relates in 
part to the sebum excretion, but the greater suppression of the follicular reservoir could affect comedogenic 
factors in sebum. 


Nail growth in disorders of keratinization (DOK) treated with acitretin. C.Remp, M.F.CORBETT, 
W.A.D.GRIFFITHS, St John’s Hospital for Diseases of the Skin, London, U.K. 


Finger~-nails of psoriatic subjects grow faster than normal nails; the growth rate is further increased by the 
retinoid etretinate (Galosi A ez al., Arch Dermatol Res 1985; 277: 138-40). The daily growth of normal 
finger-nails has been shown to be between 100 and 120 um. 

Finger-nail growth was studied in 15 patients with disorders of keratinization receiving acitretin. The 
group included five patients with keratoderma, five with pityriasis rubra pilaris, four with Darier’s disease, 
and one with erythrokeratoderma progressiva. All patients received acitretin, 10-50 mg daily. The nails of 
both middle fingers and thumbs were measured by the method of Dawber (Dawber R, Br F Dermatol 1970; 
82: 454-7). 

The daily rate of nail growth was calculated before treatment and after o, 2, 6 and 12 weeks of treatment 
with acitretin. The mean pretreatment daily nail growth was 130-7 um (95% confidence interval (CI) 99-2- 
162-2). Mean growth rates were increased at each time interval. The increase in growth rate was greatest 
during the first 2 weeks of treatment at 182-1 (CI 158-9-205-4). It remained elevated between weeks 2 and 6 
at 161-2 (CI 130-7-191°7) and between weeks 6 and 12 at 140°0 (CI 111-2-168-7). 

We have shown that: (i) There is an increased nail-growth rate in the four disorders of keratinization 
studied, and (b) Acitretin further enhances nail-growth rate and this effect is maximal during the first 2 
weeks of treatment, returning towards the untreated value with further time on therapy. Whereas retinoids 
normalize the enhanced epidermopoiesis found in psoriasis, the nail apparatus responds paradoxically by 
more rapid growth (Galosi A. op. cit.). We have demonstrated that dissociation of target organ response to 
acitretin is seen in DOK. 


The effects of f-adrenergic agonists and several peptidergic neurotransmitters on cAMP 
generation in cultured skin fibroblasts from psoriatic patients. D.J.Eepy,*+ J.P.CANAVAN,t 
C.SHAWt AND E.R.TRIMBLES§, *Departments of Dermatology and §Clinical Biochemistry, Royal Victoria 
Hospital, Belfast, and tDepartments of Medicine and tChemical Pathology, The Queen’s University of 
Belfast 


Vasoactive intestinal peptide (VIP), peptide histidine methionine (PHM), substance P and substance K 
have been identified in nerves in human skin but their action on skin fibroblasts is largely unknown. The 
aim of this study was to compare the effects of f-adrenergic agonists and putative peptidergic 
neurotransmitters on cAMP formation in skin fibroblasts from psoriatic and non-psoriatic individuals. 
Fibroblast lines were established by the primary explant method from five control individuals and from 
lesional psoriatic skin from five patients. Fibroblasts, grown to confluency in Petri dishes, were incubated 
in the presence of isoproterenol (ISO), VIP, PHM, substance P and substance K. Basal cAMP levels were 
significantly lower in psoriatic than in control fibroblasts (4-5 +02 vs. 7-1+0°6 pmol/mg protein 
respectively; P < 0-001). Stimulation of cAMP generation by 107 ®-10~ © MISO, in the absence or presence 
of the phosphodiesterase inhibitor 3-iso-butyl-1-methylxanthine (IBMX) was significantly less in 
psoriatic than in normal fibroblasts (107° M ISO 41-0 + 5-7 vs. 199°5 + 37-7 pmol/mg protein for psoriatic 
vs. controls respectively). Incubation with 1o~ ° M VIP, PHM, substance P and substance K, either in the 
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presence or absence of IBMX faied to significantly increase cAMF levels in control or psoriatic 
fibroblasts. 

These results indicate that cAMP generation is sign icantly reduced in psoriatic fibroblasts in response 
to f-adrenergic stimulation and that this effect is not due to enhanced phosphodiesterase activity. Under 
the conditions of this study the pepodergic neurotraremitters VIP, PHM, substance P and substance K 
had no effect on cAMF generation ia skin fibroblasts. 


Alterations in the microvasculature in the uninvolved skin of patients with psoriasis. 
M.ABDULLAH, S.BARTON AND R.MaRKS, Department of Medicine (Dermatology), University of Wales 
College of Medicine, Cardiff, U.K. 


Although it has often been stated that the apparently ursnvolved skin of petients with psoriasis is abnormal 
and possesses the fundamental pseristic fault, the evidence in fevour of this concept is slim when critically 
evaluated. The present study has specifically investigaved the dermal microvasculature component of the 
uninvolved skin of 20 patients (11 men, nine women, age-range 29-76 years: with plaque-type psoriasis of 
less than 20°, body involvement untreated in the previvus 4 weeks, Normal control subjects (five men, five 
women, age range 27-67 years) were alse studied. 

Biopsies were taken from sites yoomm from the edge of lesions (also bsopsied) in the patients and from 
comparable body sites in the controls. Sixteen ‘stem’ sections (PAS stained) from each block were 
examined, and 70 fields examined according to a pre-determined systematic sampling procedure. A 100- 
point lattice in the eyepiece graticule-was ased to estimate the ratie of vascular to dermal elements in each 
field, using standard stereological procedures. The ratio of vascular endothelium to dermal tissue in 
psoriatic lesions was nearly twice thet of controls (34° 4 101 < 10° 3 compared to 8-9 + §-3 x 107 *), and 
the vascular lumen three times greater (95 42-4" 107° compared to 3:07 +1°06* 107 3). These 
statistically significant differences were matched by significant differences between uninvolved and control 
samples for luminal volume only (4-93 + 1 64 x 107° eormpared to 3-07 + 1:16 x 107 3). Some changes in 
endothelial and luminal volume mav be explained by an increased number of vessels per unit volume 
(2:8 + 1-0 involved, 22 +07 uninvelved, 1-7 +03 cantrols). Resting blood supply to the skin in the 
uninvolved sites determined by laser Doppler velocametry is not significantly different compared to 
controls and does not match the structural aiterations.cescribed. 

These findings point to the endothelium as possessing a potentially important underlying fault in 
psoriasis. 


Platinum complexes as potential anti-psoriasis agents. J. FEATHERSTONE, P.J.DYKES AND R.MARKS, 
Department of Medicine ( Dermatology } , Uetversity of Wales College af Mecicme, Heath Park, Cardiff, U.K. 


The platinum complex cisplatin (CP) has a proven record in the treatment of certain types of cancer. 
However, its use is limited by undesirable side-effects. Recently ether p'atinum complexes such as JM8 
and JMo, with fewer side-effects, have become available. Their main mechanism of action appears to be 
chelation with DNA with subsequent inbibition of senthesis. As such, these derivatives may be useful 
topically in the treatment of hyperprcliferative skin cor-ditions suchas psoriasis. In this study the effects of 
platinum complexes on epidermal cells ix vitro and im vivo have been examined. 

When cultured human epidermal cells were exposed for 24 h to CP, JM8 and JMg toxic effects were 
noted at 4 uM (CP), 10 aM (JM8) and 15 um (] Mg). Similar effects were noted when the experiments were 
repeated using cultured human fibroblasts. Tritiated thymidime labelling of epidermal cultures showed 
inhibition of DNA synthesis in CP treated cultures but inconsistent results for JM8 and JMg. 
Ultrastructurally all three compounds showed disruption ef mitochondria as the predominant feature. 
Using tape-stripped hairless mouse skin an anti-prol#erative effect of JM% has been demonstrated (see 
Table 1). 

These results show that platinum complexes are cytostatic for epidermal cells mm vivo and im vitro and are 
potential candidates for the treatment of psoriasis. 
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TABLE I. (n= 10 for all groups) 


samanan aaa aaa 
Experiment (1) Experiment (2) 


Treatments Vehicle 1% JM8aqu. Vehicle 5%, JM8aqu. 


kaeraman aara EAE annaran amanan T 





Mitotic index 313Ł212 O82+1:00 6034322 000 
Labelling index 992613 66942°51 I4p9t 8:8 4°50 + 3°78 


ea 


Human monoclonal antibodies derived from virally transformed lymphocytes of a patient 
with bullous pemphigoid recognize epitopes associated with hemidesmosomes. H.SHIMIZ2U, 
T HasHimoto,* T.NISHIKAWA* AND R.A.J.Eapy, Department of Cell Pathology, Institute of Dermatology, 
St Thomas’s Hospital, London, U.K. and * Department of Dermatology, Keio University School of Medicine, 
Tokyo, Japan 


We and others have previously shown that autoantibodies (Ab) from patients with bullous pemphigoid 
(BP) bind to epitopes associated with hemidesmosomes (HD) in normal human skin (NHS), mainly at 
intracellular sites but also, to a lesser degree, outside the cells. Recently, we established two different 
human monoclonal antibodies (MAb) against the basement membrane zone (BMZ), designated 5E and 
roD, derived from virally transformed lymphocytes from the peripheral blood of a BP patient (Hashimoto 
T et al., J Invest Dermatol 1988; 90: 567). Immunoblotting showed that sE but not 10D reacts with a 230 
kDa protein from extracts of NHS. In the present study we set out to determine the ultrastructural binding 
sites of these novel MAbs. 

By immunofluorescence both 5E and 10D were found to bind exclusively to the epidermal side of 1M 
NaCl-separated NHS. Pre-embedding immunoelectron microscopy (IEM) with immunoperoxidase was 
performed as previously described (Shimizu H et al., Br F Dermatol 1988; 119: 717) using NHS as a 
substrate. 5E and 10D as well as BP-Ab were immunolocalized as discontinuous focal deposits along the 
BMZ of basal cells. For more precise immuno-localization, we used a post-embedding low temperature 
TEM technique. NHS was cryofixed in liquid propane at — 190°C, then cryosubstituted in 100°, methanol 
at — 80°C. The specimens were embedded in Lowicryl K11M at ~ 60°C. Ultra-thin sections were 
incubated with 5E, 1oD, BP-Ab or normal human serum, then anti-human IgG rabbit serum, followed by 
§ nm gold conjugated Ab. With both sE and 10D, as well as BP-Ab there was labelling mainly over the 
attachment plaques of HD and associated tonofilaments. Normal human serum used as a control showed 
no specific binding. These data indicate that both novel MAbs recognize epitopes associated with HD, ina 
similar distribution to the antigen labelled by BP-Ab, and should serve as valuable probes for further 
studies on BP antigen as well as HD. 


A quantitative study of response to contact allergens alone and in combination. JANET 
MCLELLAND AND S.SHUSTER, Dermatology Department, University of Newcastle upon Tyne, U.K. 


Multiple allergies are common and since the response to single allergens is log~dose related, we predicted 
that existing methods of patch testing would be inadequate to detect sensitivity to multiple allergens. 

In 14 patients with positive patch tests to at least two unrelated antigens several dilutions in 20 pl were 
pipetted onto a Al-test patch both alone and with a second antigen then applied to the arm for 48 h. The 72- 
h responses were graded clinically and measured as change in skin thickness using Harpenden calipers. To 
confirm that the findings were applicable to standard methods of patch testing the allergens were diluted in 
paraffin in four patients. 

The response was related to the log-dose of the allergen and skin thickness corresponded well with 
clinical grading. In six patients sub-threshold dilutions of both allergens were first established and when 
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both allergens were combined on ore patch measurabis and clinical responses were produced. Using doses 
on the linear part of the response carve the responsete the mixture was the sum of the responses to the 
individual components and at the plateau region = was less than the sum, as predicted by simple 
summation. Similar results were obtained with the al. ergens in paraffin. Six normal subjects produced no 
response to the allergens alone or ia corbination, exeluding an irritant effect. 

We have shown that the response to common are gens is log-dose related and that the response to 
multiple allergens is additive. Therefore contact Ge-rmatitis will occur by summation of responses to 
mixtures of allergens even when conventional patch, tests are negative. 





Cyclosporin A impairs the expression of estatdished contact hypersensitivity. E.M.HIGGINS, 
J.McCLELLAND AND P.S. FRIEDMANN, Dermatolegy Denartment, Royal Victoria Infirmary, Newcastle upon 
Tyne, U.K. 


Cyclosporin A (CsA) is known to be a ootent blocker of the inductiom (afferent limb) of new immune 
responses. However, it is not yet clear whether it tfocks the expression (efferent limb) of established 
immune responses. We have examined the effects of CsA on both the experimental elicitation responses 
and the clinical manifestations cf allergic contact hypersensitivity. Five patients (three male, two female) 
with contact dermatitis due to allergic hypersensitivity to at least one anten in the European standard 
patch test battery (ESB) were studied. Each subject wes challenged with a series of dilutions (1/5~1/360) of 
the appropriate antigen (as used in the ESB) before and during therapy with CsA (5 mg/kg per day). 
Challenges were applied on standard pa:ches (Finn chamber) to volar forearm skin for 48 h. Responses 
(increase in skinfold thickness) were measured at 72 © with Harpenden calipers. Responses to challenge 
were greatly inhibited by CsA in all! fve patients, with wshift of the dose-response curve to the right. Thus, 
the mean response to the 1/5 dilution fel’ from 1-7 mua (SE 0-5) to o-4 ram (SE 0-14) (P <.0-05, paired z- 
test). In addition, the median thresheld difution at which apositive response was elicited rose from 1/160 to 
1/20. The changes in response to angen challenge wee: matched ip all five patients by a virtually complete 
resolution of the chronic allergic contact eczema. In conclusion, the efferent limb of established allergic 
responses is clearly inhibitable by CsA i2 moderate terapeutic dosage. 


Accessory function of keratinocytes. A.C.Cuu sin J.Morris, Umt ef Dermatology, Hammersmith 
Hospital, London, U.R. 


A S$V4o transformed keratinocyte cell Hine, SVK 14. was used to examine the possible accessory cell 
function of keratinocytes. 

Using radio-iodinated recombinant hepatitis B surface antigen, SVK 14 cells were shown to take up the 
antigen and release trichloracic acid solutle (low mov=cular weight) protein after incubation in a time- 
related fashion. Polyacrylamide gel electrophoresis ard autoradiography o7 SVK 1q cells after periods of 
incubation with the antigen showed loss of high meiecular weight bands and the appearance of low 
molecular weight bands. 

When SVK 14 cells were stimulated wita x interferor.. HLA-DR and ICAMI were expressed by the cells 
in a dose dependent fashion. DR~ SVKy1¥ cells failed to stimulate alloreactive or antigen specific T-cell 
clones, but DR* and DR~ SVK:4 cells were able to stimulate allogeneic T cells, which was not due to 
cytokine release by the cells. This suggests that SVK t«.cells are able to stimulate an allogeriic response via 
Class I antigen. 

When DR* SVK14 cells were used to simulate alloreactive T-cell clones. they induced long-term non- 
reactivity in these clones, which cowid net be further stimulated by conventional accessory cells. 

The results of these studies imdicate: (i) keratinoxytes can process antigen. (ii) Keratinocytes can 
stimulate an allogeneic response via Class I antigen. (H0 DYR* keratinocytes can not stimulate an antigen 
specific or alloreaction in T-cell domes. Cv) Keratinocytes may be able to induce tolerance in T cells. 





B.S.1.D. Meeting 265 


Quantitative evaluation of melanoma cell invasion in three-dimensional confrontation 
cultures in vitro using automated image analysis. ]. SMOLLE, C.HELIGE,* H.KERL, H.TRITTHART,* 
AND H.KRESBACH, Department of Dermatology and * Department of Medical Physics, University of Graz, 
Austria 


Tumour-stroma confrontation systems provide models for tumour-cell invasion in vitro. In contrast to 
proliferation and cytotoxicity, however, quantitative assessment of tumour invasion has largely been 
unsuccessful up to now. In this study, we present an image analysis program, which yields a reliable 
quantitative description of melanoma cell invasion in an i vitro model. 

K 1735 M2 and K 1735 CL16 melanoma cell variants were cultured as multicellular spheroids and 
confronted with embryonic chick heart fragments for 2-196 h. At different time intervals, cryostat sections 
were stained with an antiserum directed to embryonic chick heart. Image analysis was based on automatic 
grey level processing and binary image operations using a computerized image analysis system (Vidas; 
Zeiss, F.R.G.) producing a total of 39 morphometric and densitometric parameters. Ten index slides were 
used as a test set. 

On Spearman’s rank correlation test, 25 out of 39 parameters correlated with the reference value of 
invasion (P= <0-0§5), which was derived from the semi-quantitative evaluation of five independent 
observers. Two parameters combining the stroma outline and the total amount of stroma tissue completely 
reproduced the judgement of the morphologists in the test set (P= <0-0001). 

Our study shows, that objective definition and measurement of melanoma cell invasion in vitro is 
possible. The quantitative descriptors provide a useful tool for investigating biological and pharmacologi- 
cal modifications of the particular confrontation model. 


Evidence of increased receptor ‘cross talk’ in B16 melanoma cells of high metastatic potential. 
5.E.HILL, R.C.REEs* AND S.MacCNEIL, Departments of Medicine and * Virology, University of Sheffield, 
U.K. 


A positive association between metastatic potential and cyclic AMP responsiveness to agonist stimulation 
has been noted for B16 melanoma cells (Sheppard et al., Int ¥ Cancer 1986; 317: 713~22). Our aim was to 
investigate how the cyclic AMP system of these cells differed and how this cyclic AMP signal related to 
melanogenesis. 

FroC1 cells produced the greatest number of lung foci 18 days post-i.v. injection in Cs7BL mice and had 
the greatest cyclic AMP response to agonist stimulation (137 fold over basal). However, these cells had the 
least tyrosinase activity and melanin production im vitro. Conversely, cells producing the least lung foci 
(F1C2g) had the least cyclic AMP response (14 fold over basal) but the greatest tyrosinase activity and 
melanin production in vitro. 

Adenylate cyclase activities were similar in broken cell preparations of FroC1 and F1C29g cells 
irrespective of the agonist used, as was the distribution of cyclic AMP between the intracellular and 
extracellular compartments. In intact cells however, FroC1 cells had high cyclic AMP accumulation 
which was unaffected by treatment of cells with the protein kinase C activator PMA (from 1 to 1000 nM for 
30 min) but the protein kinase C antagonist H7 decreased cyclic AMP accumulation. Conversely, F1rC29 
cells responded to PMA (100 nM) with increased cyclic AMP accumulation to agonist stimulation (153, 
145, 127°% of control in three consecutive experiments). H7 was without effect on these cells but inhibited 
the response to PMA. 

We conclude highly metastatic B16 cells may produce more agonist-stimulated cyclic AMP due to a 
positive endogenous stimulatory effect of protein kinase C on the adenylate cyclase enzyme. This same 
effect can be duplicated pharmacologically in B16 cells of low metastatic potential but does not occur 
spontaneously. Further, the high cyclic AMP generated does not appear to be coupled to melanogenesis for 
highly metastatic B16 cells. 
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Evidence for a calcium/calmodulin inhibitery control ef melanogenesis in vitro. J .Burrey, 
S.S.BLEEHEN* AND S.MACNEIL, Department af Medicee, Northern General Hospital and *Department of 
Dermatology, University of Sheffizid, Royei Hailarashive Hospital, Sheffield, U.K. 


Recent work from this laboratory has shown that 316 melanoma cell lines, which vary in their ability to 
pigment to MSH, all show significant cAMP accume’ation in response to MSH in vitro and produce 
equally well pigmented tumours in aivo. A stimulatory efect of calmodulin antagonists (Hil! SE et al., 
Pigment Cell Research Gn press)) anc an mbibitory effect of calcium ionophore on melanoma cells have 
been found (Fuller, Pigment Cell Research 1987; 1: 176-80) suggesting that calcium may play an inhibitory 
role in the control of melanogenesis. 

Our aim in this study was to further investigate a possidle role for Ca in the control of melanogenesis. We 
used drugs reported to affect the intracellular Ca signa ing system: the Ca ionophore A23187 to increase 
intracellular Ca; TMB8 [8-(N.N-ciethiamino) octyl 3,4,5-trimethoxy-benzoate hydrochloride] to 
reduce intracellular free Ca and 5 iedo C, N-(6-am-aooctyl)-s iodo-1-nephthalene-sulphonamide) to 
inhibit calmodulin activity (see Hill SE ez al). B16 Fe cells seeded at 18 x 10° cm? showed significant 
inhibition of melanogenesis (7-4 + 1-6 for control te 3:6 = 6 pg-melanin/cell, n = § experiments, P < 0'05) 
when cultured with 2 uM A23187 for 2 days. Five iode Ca (25 gm: significantly increased melanin from 
6-4+1:3 t09-6+4 1-8 pg melanin/cell “n= 4 experiments, P <00 3) ever this period as did TMB8 (10 um, 
from 4°6 + 1-6 to 9:8 + 1-8 pg melanin cell. althougn the larter did net achieve statistical significance, # = § 
experiments}. In comparison, the maximem melanogenesis achieved with MSH (107° m) in the same 
experiments was from 7:34 + 1'6 to 443225 pg melarinycell, x= 5 experiments. 

These data are consistent with a calcium ‘calmodulin ahi bitorr control of melanogenesis functioning in 
these cells at high density. Also the melamogenic poe to these agents was dependent on cell density, 
suggesting that such calcium-inhibitory centrol of meanogenesis varies with cell density, 


a-MSH causes a rise in cyclic AMP in hemea melanocytes with no effect on basal or 
ultraviolet-induced melanogenesis. P.S.FREDMAEN, F.Weren, |. BUFFEY* AND S.MACNEIL*, Derma- 
tology Department, Royal Victoria Infrmary, Newcastle epon Tyne, and * Department of Medicine, Northern 
General Hospital, Sheffield 


x-MSH is known to stimulate melanogenesis in murine melanocytes and melanoma cells via a rise in cyclic 
AMP (cAMP). There is controversy regarding the role of x-MSH in human melanocyte responses so we 
have examined its effects on levels of cAMP, melanin content and response to ultraviolet radiation (UVR) 
in cultured human melanocytes (HuMC . Foreskin FluMC were cultured by the methed of Gilchrest 
(independent of TPA) (J Invest Dermatol 1984; 8% 370-61. FoLew:mng addition of -MSH (107° M) there 
was a rise in CAMP levels maximal between 5 and rs min: conmo! 3620-7 pM/10° cells, with -MSH 
9°4 + 3:2 pM/10° cells. After 7 days culture in the presence of c-MSH (10> ®-10~° M) melanin content 
increased only 35%. By contrast, Focskolin {10° Mm) aduced a 9 4-fold rise in cAMP after 5 min and a 
10°9-fold rise in melanin content after 7 days. When FhuliC were irradiated daily for 6 days with UVR 
(Helarium fluorescent lamps emitting 20%, UVB, $0% U VA) melanin content rose 2-7-fold (SE o- 3). This 
was unchanged or slightly reduced im the presence of ¥-MSH : ro~ 810" © M}. Parallel cbservations on 
Cloudman Sg1 melanoma cells showed -MSH caused only an ŝo“, increase in melanin content after 4 
days. The rise in melanin content induced by 3 daily UWV -irradiations (2-4 fold, SE 0-5) was unchanged by 
a-MSH (107 °-107® M). In conclusion, although «-MSH induces a small rise in cAMP in HuMcC this does 
not result in melanogenesis. Furtherraore, the responseso UVR isnot affected by x-MSH in either HuMC 
or Sgt cells. 





Isolated human hair follicle dermal papillae indece hair grewth in athymic mice. K.A.HorRNE, 
J.C.FORRESTER* AND C.A.B.JAHODa, Department ay Esologtcad Sciences, University of Dundee and 
*Department of Surgery, Nineweils Hospisal and Medical School, Dundee, U.K. 


The induction properties of the rat vibrissa follicle dermal pap:Ha have been well documented but, up to 
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now, the same capacity for stimulating hair growth has not been demonstrated experimentally for the 
human follicle dermal papilla. We have grafted human papillae into athymic mice to determine whether 
they have the ability to induce fibre production from inactivated follicles. 

Dermal papillae were dissected from human hair follicles in minimum essential medium, and implanted 
into the epidermal cavities of athymic mouse-whisker follicles which had been isolated, and prepared by 
amputation of their lower halves, and removal of their fibres. These composite grafts were then introduced 
mto granulation tissue pockets, formed by subcutaneous implantation of glass discs in the backs of athymic 
mice, two weeks previously. 

Macroscopic observation revealed that four out of 20 operational follicles had resumed hair growth when 
recovered up to 6 weeks post-operatively. Histology showed that at their bases, dermal papillae had 
induced the formation of epidermal matrices which were actively forming fibres (in one case in duplicate). 
Importantly, in many other follicles, papillae which had not remained in optimal position to interact with 
epidermis were still visible. In these cases failure to induce hair growth could therefore reasonably be 
attributed to technical complexities. 

Eleven control grafts of upper follicles without dermal papillae did not produce hair, and showed no 
histological signs of renewed bulbar organization. This demonstration that the adult human dermal pepilla 
can induce hair growth provides much needed biological justification for the recent upsurge of work on 
cultured human dermal papilla cells. It also suggests the recognition of common messages by tissues (a) 
from recognizably distinct hair types and (b) from different species, as mouse vibrissa follicle epidermis has 
responded to human body follicle dermis. This result also helps vindicate our combined use of animal 
models and culture systems for hair growth studies. 


Co~-culture of rat dermal papilla and epidermal cells—abeence of proliferative stimulation. 
S.M.HERON AND C.A.B.JAHODA, Department of Biological Sciences, Unrversity of Dundee, Dundee, UK. 


Previous studies have described growth stimulation of rat skin basal epidermal cells cultured directly on 
top of living or mitomycin-treated rat vibrissa dermal papilla cells. This work was aimed at determining 
whether similar enhancement of proliferation could be achieved by growing epidermal cells on membrane 
filters raised above living dermal cells. 

Papilla cells or fibroblasts from adjoining mystacial pad skin at passage 1-3 were plated at a density of 
7x 10* cells in 35-mm culture dishes (Falcon). Basal epidermal cells isolated from 1-day-old rats were 
added after 24 h (growth phase effect) or 7-14 days later after dermal cells had become confluent (stationary 
effect). They were seeded into duplicate, membrane supporting chambers (Millicell HA, Mullipore) 
(5 x 10* cells/chamber) above the established papilla or fibroblast cells, or over plastic substrate as a 
control. The co-cultures were grown for 7 days in minimal essential medium (Eagle) with 20% fetal calf 
serum (FCS), then pulsed for 4 h with [*H]-thymidine (2 wCi/ml) for scintillation counting. 

Labelling of the whole co-culture system permits two-way effects to be studied. Replicate (n= 8) 
experiments have shown that epidermal cells cultured over growth or stationary phase papilla cells display 
no increase in thymidine incorporation compared to those above plastic. Epidermal cells over growth phase 
fibroblasts incorporate twice as much label as controls above plastic. Epidermal cells over stationary phase 
fibroblasts show leas increase in label uptake. In the reverse direction no significant effects of epidermal 
cells on papilla or fibroblast cell labelling were detected. Counts were at equivalent levels to control cells 
grown without epidermal influence. 

Dermal papilla cells do not appear to retain growth promoting effects on basal epidermal cells at a 
distance—there is no obvious medium conditioning. The low levels of epidermal stimulation produced by 
dividing fibroblasts might be an epidermal response to fibroblast autocrine factors in the medium. 


Hair follicle destruction and regeneration in guinea-pig skin after cutancous freeze injury. 
S.M.BURGE AND R.P.R.DAWBER, Department of Dermatology, Slade Hospital, Oxford, U.K. 


The loss of hair following cryosurgery for benign and premalignant skin lesions using single-freeze 
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The former often occurs without clinical scarring, sugges7ing a different mechanism than the latter, which 
appears to relate to overall patholog cal scarring. Since cryosurgery is an increasingly important mode of 
treatment it is important to understend tie mechanisres of freeze injury cn normal as well as pathological 
skin. 

We have therefore carried out histological studies on the hair follicles of che skin of nine guinea-pigs after 
cryosurgery injury using the standard liquid nitregen spray techniques and times used in clinical practice. 
For standardization, the cone sprey method was empioyed, lwuid nitrogen being sprayed into the 
neoprene cone applied to the skin; after ice formation, spraying was continued for 10, 25, and 30 s at 
different flank sites. Biopsies were taken at 2 days, t week, 2 weeks. 1 month and 6 months after the freeze. 
Specimens were stained with routine haemetoxylin asd eosin or ‘’erhoetts elastic van Gieson. 

Within the period of the observatiens, ell areas snowed elopecia. The 10-s freeze specimens showed very 
little follicular inflammatory change-with rapid epiderma. healing Dut folhcular and sebaceous gland loss. 
Follicles were either shed at the surface or destroyed» s:ar-—~suggesting some form of autolytic process in 
view of the absence of surrounding derma tissue reactivity and the preservation of the follicular connective 
tissue sheath. No perifollicular granalomatows inflamrmat.on was scen. The 25- and 30-s freeze specimens 
all showed considerable dermal daraage. the folbcles be ng shed as part of the eschar formed from the 
necrotic tissue; after healing no spec:mers showed eviderice of residual follicles. In none of the treatment 
schedules was dermal-papilla preservatien ov regeneration noted, this presumably being the major factor 
in the failure of hair to regrow. 








Inhaled corticosteroids and skis thinning. D.SmurrLeworra, C.Epwarps, S.CAPEWELL,* S.REy- 
NOLDS* AND A.Y. FINLAY, Departaecet of Medicine Dermatology }, University of Wales College of Medicine 
Cardiff, and * Department of Thorac.c Medicine, Liancough Hospital, Cardiff. 


Although complications can arise fol.owimg treatment with high-dose inhaled corticosteroids, (ICS), there 
have been no studies which have attempted to quantify -hecutaneous effects of this therapy. The aim of the 
study was to compare skin thickness in: (7) patients uneg high-dose ICS therapy; (ii) normal controls; (ii) 
patients taking systemic prednisclone for pulmomary disease; (v) patients treated with low-dose inhaled 
ICS. 

Skin thickness was measured at three sies sings pu sed A-scan ultrasound device as follows: (1) dorsum 
of right hand; (ii) upper inner right arm. and (ii upper outer quadrant of left buttock. 

Solar elastosis was assessed on the face and hands using a ro cm visual analogue scale and patients were 
assessed as having ‘normal’ or ‘high’ sum-exposare on the basis of previous history. A history of skin 
fragility and spontaneous bruising was sought. Patients were examined for the presence of striae and 
purpuric/ecchymotic lesions. A total of 64 patients have been studied as follows: group a, 7= 21; group b, 
n= 17, group c, n= 14, group d, a= 16. 

Skin thickness was significantly reduced fer all sites measured in patients taking oral steroids (group c) 
compared with normals (group b) {P< 0-@s). Similarly. skan thickness was also significantly reduced for all 
sites measured in the group of patients wing high dese [CS therapy (group a) compared with normals 
(group b) (P < 0-05, Mann-Whitaey U-test) There was ao difference between skin thickness in patients 
using low-dose ICS therapy (group &) when compared wich normals (group b). The four groups were well 
matched for age, sex, previous sun-exposare withthe exception of patients m group c, wha had lower than 
average exposure) and the degree of solar clastosis. Skim fragility was more frequently reported in groups a 
and c, (P <o-oo1, y? test) compared with controls. Purpuric lesions were also more commonly found in 
these groups when compared with contrais, (P <o-G2 and P< 0S1). Petzents in group d did not differ 
significantly from normal controis. No difference war fcund in tae frequency of striae. This study has 
demonstrated that high dose ICS therap is associatec with significant cbjective cutaneous thinning and 
clinical fragility. 
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Mediators of Ro/SSA antigen ‘expression on cultured epidermal keratinocytes. S.K.JONES, 
Department of Dermatology, Bristol Royal Infirmary, Bristol, U.K. 


Anti-nuclear antibodies are useful for identifying connective tissue diseases and subsets within these 
diseases. Evidence that they may also be pathogenic comes from the neonatal lupus syndrome, where the 
presence of Ro/SSA (Ro) antibodies relates to clinical disease, and from the finding that the Ro antigen is 
found on keratinocyte cell surfaces after ultraviolet (UV) exposure where it can bind circulating antibody. 
This study investigates which wavelengths of light (UVA or UVB) are responsible for surface expression, 
and whether other stimuli induce or modify it. 

Human keratinocyte cultures were grown in MCDB 153 on Lab-Tek slides. Test substances included 
yIF (10 100 and 500 U/ml), cholera toxin (2:5 nM), phorbol-12-myristate-13-acetate (PMA) (1 and 10 ng/ 
ml), hydrogen peroxide (10’ and 10° m), leukotriene B, (1078, 7°, 71° M), dihydrotestosterone (1, 10 and 
so ng/l), progesterone (107 7,~°,~+° m) and 178 oestradiol (107°, 7,~® M). After incubation m the above, 
some slides were also exposed to UVA or UVB. Cells were then assessed for viability and surface Ro 
expression, the latter by the bmding of human Ro antibodies detected by immunofluorescence. Each 
experiment was carried out in triplicate. 

Cell surface expression was induced by UVB but not by UYA, this being increased from 10 to 20% by 
prior incubation with 178 oestradiol. Seventeen $ oestradiol did not produce expression on its own. These 
findings would support the role of UVB 1n the induction of cutaneous lupus lesions and may help to explain 
the increased incidence of lupus in female patients. 


The induction of heat-shock proteins in human skin cells. M.J.Epwarps, M.R.O’DoNOVAN,* 
P.J Dyxes, V.MaRRETT, H.E.MORGAN® AND R.MARKS, Department of Medicina (Dermatology), Umversity 
of Wales College of Medicine, Cardiff U.K. and * Boots Pharmaceutical Research Department, Nottingham, 
U.K. 


All organisms so far examined contain heat-shock proteins (HSP) which are synthesized in response to heat 
and other stress-inducing environmental agents. The cellular functions of the heat-shock proteins have not 
been fully defined. However, they are thought to enable cells to survive toxic changes in their environment 
(Lindquist S, Ann Rev Biochem 1986; §§: 1151-91). Most of the 70 kDa stress-induced gene family are 
expressed constitutively in cultured human cells, However, HSP72 (72 kDa heat-shock protein) is induced 
by physiological change in the cells’ environment and may be used as a marker to toxicity. 

We have investigated the heat-induced synthesis of HSP72 through the cell cycle of cultured human skin 
fibroblasts and keratinocytes. Following exposure to heat (43°C for 90 min) newly synthesized HSP72 was 
detected by SDS~PAGE and immunofluorescence within 2 h of exposure in the cytoplasm of fibroblasts 
and Keratinocytes. The newly synthesized HSP72 then migrated into the nucleus and localized in the 
nucleolus, where it remained for a further 4—6 h. Our results are consistent with those reported in 1984 
(Welch WJ, Feramisco JR. F Biol Chem 1984; 259: 4501-13), using cultured mammalian cells. 

We have also measured the synthesis of HSP7a in cultured human keratinocytes and fibroblasts 
following exposure to heavy metals, genotoxic chemicals, and detergents such as sodium lauryl sulphate. 
We are assessing the suitability of HSP72 induction and localization within the nucleolus as a marker for 
the detection of toxic xenobiotic agents. 


Changes in intracellular free calclum of human keratinocytes during differentiation and 
stimulation with EGF. G.R.SHARps, J.I.GILLESPIE* AND J.R.GREENWELL*, Department of Dermatology, 
and *Department of Physiological Sciences, Umversity of Newcastles upon Tyne, U.K. 

Intracellular free calcium ([Ca?*],) is an important second messenger and regulates many cell processes. 
Microspectro-fluorimetric techniques now permit the measurement of [Ca? +], within living cells. Human 
keratinocytes were grown on glass coverslips in the serum-free medium MCDBr153 with an extracellular 
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calcium concentration (/ Ca? t] of 7ouM. Ca* t; was raeasured using the Ca? * -sensitive flaorescent dyes 
 PURA-2 and INDO-r. Cells were loaded by incubation with the acetoxymethyl esters of the dye. 
Measurement of fluorescence emitted from single cells was made using € NIKON DIAPHOT inverted 


Systems). 

Cells grown in 70 uM (Ca? * ], forma pro:iferating moaolayer but on increasing the calciurm to 1 mM there 
is progressive differentiation and stratification wEh a reduction in cell growth. [Ca**]; in low calcium 
culture was 100 + 1:3 nM (mean + SEM) and increasir.g (Cg? Je from 70 uM to I mM caused an early rise 
in (Ca? +]; complete by 2h (133 + 11 2M). The increase m {Ca**], preceded the morphological changes and 
growth inhibition (thymidine labedlic.g stadies) induced by tacreasing [Ca?*],. Heterogeneity of [Ca? * ]; 
within cultures was demonstrated. A clear difference was seen between ^asal and layered differentiated 
cells, The [Ca? *], in spontaneously-<afferentiated cells. of low Ca** cultures (372 + 19 nM: was similar to 
that of Ca2* induced differentiated cells. These cbsesvatiors are consistent with an increase in [Ca**}, 
mediating differentiaticn of human &eratmocytes. 

Cells grown in the absence of EGF “or 8-days showed similer fCa** ]; to cells grown in complete medium 
(EGF 10 ng/ml). However on replacemen’ of EGF there was a rapid and large rise in [Ca? *]; within 1 min 
of the addition. The duration of the peak in [Ca?*], wes less than a min with values returning to resting 
levels. The response to EGF is in contrast to che siow sustamed rise seen with an increase in [Ca** ],. 





Rapid increases in keratinocyte imtracellular free calciam-induced by 12-25-dihydroxy 
vitamin D,. B.BITTINER, S.S.BLEEKEN AND S.MACINEIL™, Deparmnents of Dermatology, Royal Hallam- 
shire Hospital and * Medicine, Northern General Hospital, Sheffield University, Sheffield, UK. 


14-25-dihydroxyvitamin D; (DHCC) has been shows. to be ef benefit an psoriasis wher. administered 
orally or topically. Although DHCC ‘aas ax anti-prolifecativeefiect on human keratinocytes and promotes 
differentiation, its mechanism of action is unckar. Calum enc calmodu in play an imporzant role in the 
proliferation and differentiation of keratimocytes (Al-Ami AM er al , Br § Dermatol 1988; £19: 295-306), 
and calmodulin is elevated in psoriatic keratinocytes, Further, recent work has shown that DHCC acutely 
increases intracellular calcium in B15 melanoma cells (Hill SE ez al., Br J Dermatol 1986; 120: 21-30). 
There is no equivalent published data usng DHCC ir human keratinocytes. 

We have grown primary cultures of keratinocytes ‘rom neonatal foreskins on collagen coated glass 
coverslips and measured the intracelular calcium: using the fluorochrome FURA-2. DHCC increased 
calcium concentration in 18 out of 1&consecutive slides from fire donors. Whereas the calum ionophore 
ionomycin produced an immediate, sastaimed increase i calcu. a range of responses was seen to DHCC: 
in 10/18 there was a transient response to DHCC lasting for 6-60 s, which developed withina few minutes; 
in four there was a sustained increase n ca.cium; ir the remaiaing four there was a sustainec response with 
superimposed transient responses. Quastitation of she intrecelliular calcium was not feasible in all 
instances, but where possible yielceda resting value cf 369 £50 nM = 14), which increased to 692 + 276 
nM (2 = 4) with 107 10 x DHCC and 626 = 276 nM (4 = 8, X¥ SEM) with 10° 8 M DHCC. 

In summary, we have demonstrated thar DHCC® is capabte of increas ng free intracellular calcium in 
normal human keratinocytes. The sognificance of this relat-vely acute effect of DHCC en intracellular 
calcium on the proliferation and diferer tiation of normal and psoriatic keratinocytes requires further 
investigation. 


Early induction of ornithine decarboxylase activity by hexadecane in neonatal pig skin is 
independent of protein kinase C activation. © .Owwsv, E.]. Weop anD W.J.CUNLIFFE, Department of 
Biochemistry, University of Leeds and Department of Dermatology, Leeds General Infirmars, Leeds, U.K. 


Topical application of hexadecane co redent skin hes been shown to induce hyperpreliferation and 
hyperkeratosis similar in some respects 75 the hvpereroliferation and kyperkeratinization observed in 
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conditions such as psoriasis, pityriasis rubra pilaris, and Darier’s disease. Polyamines are essential for cell 
proliferation and ornithine decarboxylase (ODC), the rate-limiting enzyme of polyamine biosynthesis, is 
rapidly induced by many external stimuli. This induction is one of the important biochemical changes 
occurring at an early stage when quiescent cells are transformed to the growing state. The application of 
hexadecane to neonatal pig skin resulted in rapid biphasic rise in the level of ODC activity, the early phase 
of activation being independent of protein synthesis. Hexadecane also markedly stimulated PH]- 
thymidine incorporation and this stimulation was almost totally abolished by the specific ODC inhibitor, 
z-difluoromethylornithine, indicating that ODC is involved in the hexadecane-induced hyperprolife- 
ration. However, the intracellular mechanisms leading to the stimulus-induced ODC activity are still not 
clear. The calcium/phospholipid-dependent protein kinase C (PK-C) associated with cell membranes 
appears to play a vital role in intracellular processes including tumour promotion. Pig epidermal PK-C is 
also known to be activated by hexadecane within 10 min of application. However, we found that the specific 
and potent PK-C inhibitors, staurosporine and H-7, failed to inhibit the early rise in hexadecane-induced 
ODC activity but caused a marked decrease in the second, protein synthesis-dependent phase. The result 
indicates that PKC may enhance the synthesis of ODC as previously reported but probably does not have 
any effect on the activation of the latent ODC. 


Differential expression of the « and $ retinoic acid receptors. J.L.REEs AND C.P.F.REDFERN, 
Dermatology Department and Medical Molecular Biology Group, University of Newcastle upon Tyne, U.K. 


Retinoids exert profound effects on epithelial cell development and differentiation both mm vive and in vitro. 
The cloning of cDNAs coding for two retinoic acid receptors (RAR-x and RAR-/) has recently been 
reported. The predicted primary structures of these RARs have considerable homology with each other 
and with the steroid/thyroid family of DNA binding proteins. We have previously shown (Rees JL, 
Redfern CPF, Biochem 7, 1989; 259: 917-19) that these receptors are widely distributed but have distinct 
distributions not specific to epithelial tissues. In the present study we show that RAR-« and RAR-# 
transcripts are expressed in rat and human skin, and in dermal fibroblasts and keratinocytes in vitro. RAR- 
æ transcripts were expressed in all tissues but were more abundant in dermis and dermal fibroblasts than in 
epidermis or keratinocytes. RAR- mRNA was expressed in skin but patterns of expression differed 
between rat and human samples. In human skin, dermal fibroblasts and keratinocytes, two RAR-f 
transcripts (ca. 3-3 and 3-4 kb) were expressed. Conversely in rat skin, dermal fibroblasts and keratinocytes 
only the smaller transcript was detectable and this was more abundant in cultured cells than in whole 
tissue. The relatively high level of expression of RAR-x and RAR-f in dermis and dermal fibroblasts 
suggests that the effects of retinoic acid on the dermis may be as important as those on the epidermis. 
Finally we have investigated the influence of changes in differentiation of cultured keratinocyte induced by 
calcium shifts on receptor expression. 


Analysis of ras gene mutations in non-melanoma skin cancer by the polymerase chain 
reaction (PCR) and mutation-specific oligonucleotide probing. $.1. WHITE AND A.BALMAIN%, 
Department of Dermatology, University of Glasgow, and * Beatson Institute for Cancer Research, Glasgow, 
U.K. 


Point mutations in all three ras genes, Harvey, Kirsten and ‘N’, have been identified in a variety of human 
tumours. Irrespective of the gene the mutation will occur at codon 12, 13 or 61. The PCR amplification of 
DNA and probing with mutation-specific oligonucleotides means that a large series of tumours can be 
efficiently screened for a point mutation. 

DNA was extracted from 32 basal cell carcinomas (BCCs) and seven squamous cell carcinomas (SCCs). 
PCR amplification was performed for the regions of DNA around Harvey-ras codons 12, 13 and 61, and 
Kirsten-ras codons 12 and 61 using the heat stable Taq polymerase enzyme. The amplified DNA was 
probed with °**P-ATP labelled mutation specific oligonucleotides for the respective ras gene codons. 


Six of the BCCs and three of the SCCs had a mutation in cocon ‘2 of the Harvey-ras gene. In each case 
the mutation was a G to T transversion at the second bzse (wild type GGC, mutation GTC). All the other 
mutations for the ras genes were negative. To investigate ‘he possibility ef a germ line mutation white 
blood cell DNA from 22 of these patier.ts was similari» amplified and probed. No mutation was found in 
any of the WBC DNAs. 

A G to T transversion is unlikely te be induced by ult-aviciet light but is frequently induced by chemical 
carcinogens. This single point mutation would be cempatibie with non-melanoma skin cancer being 
induced by a chemical carcinogen aad promoted by u#reviplet light. 











Cloning, sequencing and chromesomal localatien of human keratin 17. P.E.Bowpen, 
N.C.Popgscu, J. DONIGER AND J.A.D1Pao.o, Laborato of Biniogy, NCI, NIH, Bethesda, MD, U.S.A. 


Keratins are epithelial-specific intermediate filament proteirs. Although 19 numan keratins (HK1-HK19) 
have been described, eight additional hair-specific kergtins have recently been identified. Several members 
of this multi-gene family are major differentiation prod aces cf mammalian epidermis. Two of these, HK 16 
and HK17, are difficult to resolve by protein gel electrephorzsis. Thus. while keratins of this size are 
expressed in hyperproliferative skim disorders, culrw-sc keratinecytes, hair follicles, viral-transfected 
epithelial cells and tumour cells, the precise differential expression of HK.16 and HK17 is still unclear. 
Keratin cDNA’s and genes have unique properties se tha: the expression of HK16 and HK17 can be 
studied. To facilitate these studies, we have isolated seweral ceratimclones and the present results describe 
the cloning of HK 17. 

A human epidermal cDNA library was screened with a mouse keratin 14 cDNA (Roop et al. Cancer Res 
1988; 48: 3245) and the partial nuran keratin 14 cD ™ A was isolated anc sequenced. A cDNA library 
(HPV-transfected keratinocytes) and < human cosmid genomic brary were screened with the HK14 
cDNA. An almost full+ength clone was obtained for H= r7 (Bam HI 1400 bp fragment) and several clones 
containing type I keratin genes (including HE 14, HK: sanad HK 17: were obtained. The HK17 cDNA was 
subcloned into pGEM 3 and sequenced by the olige-primed deuble-stranded dideoxy method. The 
sequence obtained begins in helix 1A of the protein ance xtends through the stop codon and 3’ non-coding 
sequences to the poly-A tail. The sequence is similar te tha: of HK 14 anc HK 16 in the conserved helical 
regions but as with other keratins, ihe C-terminal ems =’ non-coding sequences are unique. A specific 
probe was made to the unique 3° endof the HK17 cD Nes and sabcioned. Nerthern blotting demonstrated 
that HK17 was prominent in Hela cells (HK16 absent), cervical epithelium, cervical tumours and 
cultured human keratinocytes. Chremcsermal m-sttwh->ridization with the HK17 specific probe showed 
that the HK 17 gene was localized to chrormosome 47 (¢7piz and 17q12), regions that contain other type I 
keratin genes. Preliminary mapping of the cosmid clomes:aiso indicated that the genes for HK14, HK 16 
and HK 17 are closely inked. Thus, we have cloned ancther human type I keratin (HK17), shown that the 
sequence is similar to other type I keratims and unique a the C-terminus (3' end). Furthermore, the HK 17 
gene is localized to two separate regiens of chromosome 17, one on the short arm and one on the long arm. 


The relationship between chronological age ard erythermal response to UVB irradiation. 
N.H.Cox, P.M. FARR AND B.L.Dirrey*, Dermatology Department, Universtiy of Newcastle upon Tyne, and 
*Regional Medicine Physics Department, Dryburn Haseetcl, Durham, U.K. 


Irradiation with UVE has been reported to cause ess erythema and smaller increases in levels of 
inflammatory mediators in the skin cf eiderly compared with young subjects (Gilchrest BA er al., F Invest 
Dermatol, 1982; 79: 11-15). However, the erythemal response to UVB irradiation has not previously been 
measured in different age-groups. We have constructec dese—response curves for UVB-induced erythema 
in 14 subjects aged over 60 years ard 11 subjects aged 16-20 vears, 

Nine adjacent 1 cm sites onthe mic'-back were irradiacec with a series of deses of UVB (maximum 56 m]J/ 
cm?) using a filtered mercury are larap. Ecythemal respomses were-measured in triplicate before and 24h 
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after irradiation using a reflectance instrument; the minimal erythema dose (MED) was assessed visually. 
There was no difference between the MEDs in the older (geometric mean 11-9 mJ/cm’, range 6-7-21-9) 
compared with the young age group (geometric mean 12:2 mJ/cm”, range 7-6~21°9), The measured 
erythema at each site was compared with the pre-irradiation measurement to calculate the increase in 
erythema index (AE), which increased linearly with log UVB dose. Slopes of the dose-response curve were 
calculated for each patient using linear regression. There was no difference between the mean (+ 1 SD) 
slope in the older group (0-322 +0114) and the young age group (0-322 + 0-053), although the range of 
values increased with age (older group o: 175-0588, young group 0:240-0-410). A hypothetical ‘threshold’ 
dose can be calculated by extrapolation of the linear dose-response curve to AE = 0. Threshold doses in the 
older group (geometric mean 6-9 mJ/cm’, range 44-169) were not significantly different to the young 
group (geometric mean 8:3 mJ/cm’, range 4-0-18-3). 

We conclude that the 24 h erythemal response to UBV does not significantly alter with increased age. 


Inhibition of photosensitivity in erythropoietic protoporphyria with terfenadine. P.M.FARR, 
B.L.Dirrey* anD J.N.S.MaATTHEwst, Departments of Dermatology and + Medical Statistics, University of 
Newcastle upon Tyne and * Regional Medical Physics Department, Dryburn Hospital, Durham, U.K. 


The acute symptoms of photosensitivity in erythropoietic protoporphyria (EPP) are similar to those of 
solar urticaria, a disorder which is mediated in part by histamine and responds to treatment with 
terfenadine. We have studied the effect of terfenadine on the cutaneous response to irradiation with blue 
light in patients with EPP, before and during conventional treatment with /}-carotene. 

A mercury arc lamp, filtered to isolate only blue light, was used to irradiate six 10-mm diameter sites on 
the back of each of seven male patients with EPP (age range 9-43 years) using doses ranging from 1:5 to 48 
J/cm*. The maximum diameter of the flare produced at each site was measured 5 min after completing 
irradiation, By 1 h the flare had resolved and at that time the intensity of the abnormal erythemal response, 
localized to the irradiation sites, was measured by reflectance spectrophotometry. The irradiation 
procedure and measurements were repeated during treatment with terfenadine (60-120 mg b.d.). 
‘Treatment with terfenadine significantly increased the smallest dose of light required to produce a flare 
(median increase 18 J/cm*, P= 0-022, Wilcoxon signed rank test; 95°% confidence interval [12, 30 J/cm?) 
but there was no significant change in intensity of erythema localized to the irradiation sites. 

Five patients were treated with f-carotene (30-90 mg daily). The flare and erythemal responses were 
unchanged after 2 months of treatment. However, the smallest dose of light required to produce a flare was 
again increased during additional treatment with terfenadine. 

These results show that histamine release is one mechanism of photosensitivity in EPP and suggest that 
treatment with potent H, receptor antagonists may be of therapeutic value. /-carotene was not shown to 
provide protection using this testing procedure. 


Cellular and cutaneous aspects of ciprofloxacin photosensitization. N.K.GrBBS, M.HENDERSON 
AND B.E.JOHNSON, Department of Dermatology, University of Dundee, U.K. 


We have reported preliminary studies of the phototoxic potential of ciprofloxacin (CIP), a broad- 
spectrum, quinolone antibiotic chemically related to nalidixic acid (NA) (Ferguson et al., J Invest Dermatol 
1988; 91: 385). We set out to: (1) confirm CIP and NA phototoxicity in a standard Chinese hamster V79 cell 
line irradiated in microwells (UVA: glass filtered Philips BL 20W/08 fluorescent tubes); (ii) quantify the 
phototoxicity of CIP (i.p.) in mouse skin by ear-thickness measurements (UVA: acetate sheet filtered 
Sylvania PUVA) and to relate the photosensitivity to plasma levels of CIP (ug/mb, determined by a 
standard microbiological assay. 

With V79 cells, both drugs (50 ug/ml in culture medium) produced a UVA dose (~~ 0~112 kJ/m?’) related 
- anhibition of mitochondrial dehydrogenase activity (MDA) and total cell protein synthesis (TPS), assayed 
re im situ at 24 h and 4 days post~irradiation respectively (> 3 experiments/dose), with NA > > CIP. In 
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TABLE 1. 


4 Thickness (SE) c-og (oor) op foo) orofoolr) or fool) 9-07 (0-01) G01 (0-003) oor (0-002) 
Plasma (SE) 707(03) S25 D3 §78(0-7) 430(06) 2§0(03) 230(0°3) 9°86 (0-1) 


culture medium, pre-irradiated CIP imduced some cell camage whilst pre-trradiated NA was highly toxic. 
The UVA doses (~kJ/m7) for 50°, inhisition of MESA were; CYP 31 (pre-irradiated 84), NA 8 (pre- 
irradiated 23) and for TPS were; CIP 18 “pre-irradiatec] 112), MA 6 (pre-irradiated 10). 

ACIP concentration (0, 0-2 and 2-cang/mouse; 5 mice concentration) dependent increased ear thickness 
(mm) was maximal 2 days after 5 days of repeated CIP peotosensitzation to UVA (~ 1§ kJ/m?). Maximum 
photosensitivity was between 0:25 amd rs h after injeccion (2 mg/mouse: with no effect after 3 h, which 
correlated approximately with CIP plasma levels (Tat 1). 

The V79 study confirms that CIF phocosensftizes racleated mammaliar cells and suggests that CIP 











photosensitization). These data, anz the previous fading thas CF has ro photohaemolytic activity, 
indicate non-membrane, possibly nwelear, cellular targets. Our pharmacokinetic study suggests that in 
mouse skin the major chromophcre for damage may ne CIP stself or a metabolite with antibacterial 
activity. 


Expression of endothelial leucocyte adhesion molecule-1 (ELAM-1) and intercellular ad- 
hesion molecule-1 (ICAM-1) in che evolution ef cutanecus inflammation: a comparison of 
ultraviolet-B (UVB) erythema and delayed «ype hypersensitivity (DTH). P.G.Norris, 
S.THOMAS,* R.Poston,} J.L.M. Hawk aro D.O.Hasearn*, Pherestology Unit, St Thomas’ Hospital and 
Departments of *Rheumatology and {distepathology, Gey's Hospttai, Londow, U.K. 


Leucocyte traffic in inflammation is akely to be contreiled by the expression of cytokine-regulated cell 
surface adhesion molecules such as ELAM- and ICA“4A-1. ELAM -1 is present specifically on activated 
endothelial cells (EC) and serves asa receptor for neutrephils. ICAM-1 is present on unstimulated EC and 
activated mononuclear cells (MNG) and keratinocytes (KC), and serves as a receptor for lymphocytes and 
possibly neutrophils. 

We have compared the expression of these molecules in skin biopsies from nine volunteers at different 
times up to 7 days following initiator of mon-immune <afammatior (two minimal erythema doses of 300 
mm irradiation) or a DTH respomse to intradermzel PPD, using moroclonal antibodies and an 
immunoperoxidase technique. In bevh groups, ELAM -1 was detected weakly on EC at 1 h and more 
strongly at6 and 24 h. At 72 h ELA M-a was still strongiexpressed in the PPD group, but had decreased in 
the UVB group. By 7 days, ELAM-: expression had dropped to low levels in both groups. ICAM-1 was 
strongly expressed on EC in unstimulated controls and on both groups at all -imepoints. Differences were 
however readily observed in the expression of ICAM-1 = KC, which showed strong positive staining that 
appeared from 24 h to 7 days follow ng PPD but whuch was absent at all time points following UVB. 
Perivascular MNC showed ICAM-1: staming in both groups sw were censiderably more numerous 
following PPD, particularly after z4 a. 

These observations suggest that alteratiens in expresszon of ELA M-1 and ICAM-1 that occur up to 24h 
may be attributable to non-specific inflammation, bez that in DTH furcher alterations in adhesion 
molecule expression after 24 h may vadere the delay=i nature cf the MNC infiltration. Further studies 
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will determine the role of lymphokines such as gamma interferon, known to induce KC ICAM-1 
expression 77 vitro, in this process. 7 


Evidence of a serological histamine-releasing factor in chronic urticaria. C.E.H.GRATTAN, 
Department of Dermatology, The General Hospital, Birmingham, U.K. 


A serological mediator can be demonstrated in some patients with chronic urticaria by a weal and flare 
response on intradermal skin testing with autologous serum (Grattan CEH et al., Br J Dermatol 1986; 114; 
583-90). The aim of this study was to look for involvement of histamine in the serum skin test response and 
to see whether pretreatment with a known mast-cell degranulating agent, compound 48/80, would modify 
the skin test response to serum. 

All skin tests were performed by intradermal injection of §0 ul aliquots into volar forearm skin of chronic 
urticaria patients showing a response to intradermal autologous serum. Weal and flare areas were measured 
over 2 hin three patients’ skin tested to autologous serum, normal saline (NS), 48/80 (10 ug) and histamine 
(1 ug). All other skin tests were measured as weal volumes at 60 min. 

The serum skin test response followed a similar time course to histamine and 48/80 up to 1 h but 
persisted longer than histamine. Tenfold dilutions of serum in NS (n= §) reduced mean weal volumes by 
61% at 1/10, 89° at 1/100 and 90%, at 1/1000. Weal volumes were reduced by 79°, with Hı blockade 
alone (terfenadine 120 mg b.d.) and by 80%, with additional H2 blockade (cimetidine 400 mg q.d.s.} (n = 3). 
Corresponding values for histamine (5 ug) were 90°, and 84°. Tachyphylaxis of the serum skin response 
was almost complete (98%) over sites which had been repeatedly injected with 48/80 (100 ug) over the 
previous 24-48 h until there was no further response (n= 3). Tachyphylaxis was also seen over skin 
pretreated with serum (99°) and histamine (77°) but not saline. 

The results indicate that histamine is important in the chronic urticaria serum skin test response and 
may be released by mast cells in response to a serum factor or factors. 


Cutaneous endothelial cell responses to histamine and substance P. HELEN A.BULL AND PAULINE 
M.Dowpn, Department of Dermatology, The Middlesex Hospital, London, U.K. 


Histamine is an important mediator of cutaneous inflammatory reactions, facilitating leucocyte 
margination, plasma extravasion and vasodilation. Its precise mode of action on cutaneous vascular 
endothelium is poorly understood, however it is thought to be mediated, in part, by release of 
prostaglandins. Furthermore, 7 vive studies indicate that histamine may act synergistically with the 
vasoactive neuropeptide substance P (SP) in cutaneous inflammatory reactions. We have therefore sought 
to determine the mechanisms of action of histamine on dermal endothelial cells and whether these actions 
are modified by SP. 

Dermal microvascular endothelial cells (DMEC) were cultured from human neonatal foreskin and 
confluent monolayers incubated with histamine (107 ’~10~> Mm). Release of PGE, was concentration- 
(mean + standard error) (m= 4). In comparison, interleukin 1 (1 U/ml) induced release of 147-9 + 67-6 pg/ 
10* cells PGE, (n= 2). 

Histamine-induced release of PGE, was inhibited by the H, antagonist pyrilamine but not by the H, 
antagonist cimetidine, nor was there an increase in intracellular c-AMP or c-GMP above baseline. 

In separate experiments, DMEC were incubated with histamine (1074 M) and SP (107 > m), either alone 
or in combination (Table 1). 

These results indicate that both histamine and SP release small amounts PGE, from DMEC. 
Histamine-release of PGE, is facilitated by H, receptor occupancy but not mediated by cyclic nucleotide 
second messengers. Furthermore, the effects of histamine and SP are additive and not synergistic. 
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TABLE I. 








PGE. (pgi rot cells) <- FAME PE 800 ul) c-GMP (pg/ 500 W 


RI ret ret ener net EEEE A S VAARAA eE era de ets oc rena A AAAA shia ts sie carts AAA age ramones ee an iin acne OF EINER RINNE ne i pe ete 


Histamine (n= 3) 13644477 253 41-08 O49 +021 
SP (n= 3) 21 83+Q:08 F13+0°43 OBZtO1S 
Histamine + SP (# = 3) 29 93 + FO 42 4232 1°73 O75 +045 











Plasma-associated lymphocyte chemoattractant (PALC}—further characterization. K.B. 
Bacon, N.J.FINCHAM, A.I.MALLET AND R.D.R.CAme, Institute ef Dermatology, St Themas’s Hospital, 
London, U.K. 


We have previously described the recovery of low molecular weight lymphocyte chemoattractant material 
from normal human stratum corneura, sk:n chamber fuid and plasma (PALIC) ‘Bacon KB, Camp RDR, F 
Invest Dermatol 1989; 92: 398). Further characterization of this material has now been undertaken. 

Pooled PBS (4 ml) obtained from charmbers applied to seilotape-stripped normal skin for 30 min, and 
normal plasma (300 ml), were purified by successive ultrafileration and reve-sed- phase (RP) HPLC. Each 
source yielded a compound of high chromatographic purity with similar UV absorbance spectra 
(Amax = 270-274 nm) and an identical revention time on isocratic RP- HPLC, chromategraphing after 
admixture of equal amounts as a single ei ar 3 mun on a Brownlee CE column, eluted with water/ 
acetonitrile/trifluoroacetic acid (95 75:0-1, v/v). The purified material from plasma and skin caused 
concentration-related, im vitro ly ces ANE ating at actwity (LCA) (Bacon KB et al., Br F 
Pharmacol 1988; 95: 965-74), with mean maximal migration indices of 2-0 and 2- 3 respectively. Although 
the LCA was not extractable inte ethyl] acetate or ckicreform/methanol from unpurified plasma YM1o 
filtrates, the purified plasma-derived compound “PAC partitioned completely from water into these 
lipid solvents (n = 3 each). Incubation of PALC with high concentrations of polyacrylamide-bound trypsin 
(5 mg/ml) caused no loss of LCA on comparison with central incubations i (% = 2), and amino acid analysis 
and microsequencing yielded only trace emounts of contaminating peptide material. Plasma desorption 
mass spectrometry of PALC indicated a molecular weight of 1783. PALE also chromatographed as a 
single, late-eluting, UV-absorbing, biologically active peak on TSK G2o000SWXL gel filtration HPLC. 

Normal plasma and skin chamber fluid therefore contain similar or identical, polar, low molecular 
weight, non-peptide, lipid-like lymphocyte chemeattracian: material, which play a role m physiological 
lymphocyte trafficking. The full structure of this material remains to be elucidated. 





Characterization of the cellular response to intradermal injecticns of IL-12-like material 
derived from normal human stratum corneum. | i Ross, N.J.FINCHAM AND R.D.R.Camp, 
institute of Dermatology, St Thomas’: Hospital, Lendon, U.E 


As part of a study of the inflammatory properties of haman interleukin (IL) 1 and in view of the lack of 
availability of clinical grade recombinant IL-1, we have now characterized the early cellular infiltrate seen 
in response to intradermal injections ef au sologous IL-:9-like material (6¢ U) which was purified from the 
heel stratum corneum of three volureers by reversed-chase and anion-exchange HPLC. Erythema and 
swelling which were seen at IL-1 jection sites by 2 h and persisted for > 24 h, were not due to 
contaminating endotoxin as injections of heat-treated material failed to elicit a response. E1opsies (4 h) of 
IL-1 and control injection sites were subjected to kaematoxylin and eosin and special staining and 
examined by light microscopy. Results (mean numbers of cells per five high powered fields + SEM, n= 3) 
are shown in Table ır. 

The early response of autologous [L-1«-like material in human skin is therefore dominated by 
substantial increases in neutrophils and menocyte/macrephages, which mav play a role in causing the early 
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TABLE 1. 

Control (PBS) IL-1 
Mononuclear cells (H and E) 302 + 64 605 + 7* 
Neutrophils (chloracetate esterase) rt 49 +15* 
T-helpers (Leu 3a) g7 +8 167 +25** 
T-suppressors (Leu 2a) 20+ 3 2545 
Monocyte/macrophages (OK M5) 94415 284 + 42* 
Monocyte/macrophages (Mac 387) Bo +11 351 t 53* 





*P<0-05 and ** P= 0-06 in comparison to PBS (Student's r-test). 


erythema and swelling seen. The mechanism of induction of these cellular infiltrates remains to be 
determined, as current evidence suggests that IL-1 is not directly chemotactic towards neutrophils and 
monocytes. Although IL-1 is directly chemotactic for T-helper cells, significant increases in these cells 
were not seen, but may occur during the later phase of the reaction. 


Inhibition of interleukin (IL) 8-induced lymphocyte migration by calcium~-channel antago- 
nists. K.B.BACON, J]. WesTWICK* AND R.D.R.Camp, Institute of Dermatology, St Thomas’s Hospital and 
* Hunterian Institute, Royal College of Surgeons, Lincoln’s Inn Fields, London, U.K. 


The migration of lymphocytes infiltrating inflammatory skin lesions may be induced by specific 
chemoattractants, whose mechanism of action may involve calcium-channel activation leading to altered 
intracellular calcium concentration. Since material similar or identical to IL-8 is found in lesional psoriatic 
skin and IL-8 is chemotactic for lymphocytes (Larsen CG et al., Science 1989; 243: 1464-6) the effects of 
calci1um-channel antagonists on I[L-8-induced lymphocyte migration have been investigated. 

The effects of nifedipine (Nì), verapamil (V) and diltiazem (D; 10° '°~10~* M in each case) and the 
inhibitory (—) and stimulatory (+) optical isomers of SDZ 202-791 (107 '7~107° M) on human 
recombinant IL~-8-induced migration have been investigated by using a 48-well microchemotaxis assay, 
results being expressed as a migration index (Bacon KB et al., Br J Pharmacol 1988; 9§: 966-74). Reversal 
of the antagonist effects of 107° M (—)-isomer by the (+ )-isomer of SDZ 202-791 over the dose range 
(107 '*~-10~4 M), was also attempted. 

IL-8 (107 '°~107!° M) induced concentration-related lymphocyte migration (EDs, = 1071 M; n= 85) 
which was abolished by addition of 3 mm EGTA to the assay medium (n = 3). Dose-related inhibition of 
lymphocyte migration in response to IL-8 (107$! M) was obtained in the presence of either N, V or D, 
approximate IC., values being 107° M, 6 x 107? Mand 107° M, respectively (m= 4). The (+)-isomer of 
SDZ 202-791 was without effect on IL.-8-induced migration but the ( ~ }-isomer inhibited migration in a 
dose-related manner, the approximate IC; value being 107!" M (n=3). In the presence of increasing 
concentrations of the (+ )-isomer, the inhibitory effects of (—)-isomer on IL-8-induced migration were 
completely reversed, the approximate ED + value being 107!" M (n= 3). 

The divalent cation-dependent induction of lymphocyte migration by IL-8 and its specific inhibition by 
calcium-channel blocking drugs, suggest that the therapeutic potential of these agents in lymphocyte- 
dependent inflammatory, autoimmune and allergic reactions, merits further investigation. 


Inhibition of phospholipase A, in extracts of lesion-free psoriatic epidermis by the nonapep- 
tide HDMNKVLDL which corresponds to lipocortin 1 residues 246-254. P.H.CARTWRIGHT, 
E.ILDERTON, J.M.SOWDEN AND H.J.YARDLEY*, Department of Dermatology, North Staffordshire Hospital 
Centre, Stoke-on-Trent, and *Department of Biological Sciences, University of Keele 


Phospholipase A, (PLA,) activity is raised in extracts of lesion-free psoriatic epidermis 
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(Forster S et al, Br f Dermato? 198%; 112: 135-47). PLA, releases free arachidonic acid from 
phospholipids present in cell membranes. Arachidonic acid is a precurser of both prostaglandins and 
leukotrienes which are potent medistors of inflarmnmatorn. 

The activity of PLA, is controlled by the provein bpocortin. We have oreviously shown that human 
recombinant lipocortin 1 inhibits epicermal PLA, aetivity in picomelar concentrations. Peptides 
corresponding with sequences found ia lipocertin 3 strongly inhibit porcine pancreatic PLA, in 
concentrations of 5 x 197° M (Miele L et 2i., Nature 1988. 335: 726-30). We have studied the effect of the 
nonapeptide with the highest PLA, inhisitery activity in extracts.of humen psoriatic epidermis. 

Superficial shave-skin biopsies were obtained uader ethyl chlorice local anaesthesia from the upper arm 
or back in six patients with chronic plaque psoriasis. Skin specimens werecbtained at least § cm from the 
nearest lesion. Epidermal extracts were mcubatee wia or without the mcrapeptide HDMNKVLDL at 
5 x 107° M for 15 min before measuring PLA. activite. 

For untreated extracts the mean PLA, activity = SEM was 125-6 + 15-2 amol/mg protein/h (n = 6). For 
extracts assayed after treatment with the nonapeptide, tae PLA, activity was.65-9 + 7-6 nmol/mg protein/h 
(n= 6). The difference is statistically sigrificant (F =o 01, paired ¢-test). 

These results show that a synthetic noazpeptide related to lipocortin car significantly reduce the high 
PLA, activity in extracts of psoriatic epidermis, This and similar compounds offer exciting therapeutic 
possibilities for the future. 


Purification of epidermal phosphel.pase A. and its inhibition by unsaturated fatty acids. 
M.J.FINNEN AND C.R.LOVELL*, Department of Pharmacy and Pharmacoloz~. University of Bath, Bath, and 
* Royal United Hospitai, Combe Park, Bach, U.K. 


The biosynthesis of pro-inflammatory ecosanoids via lipoxygenase anc. cyclo-oxygenase pathways is 
regulated by the availability of free arachidonic ació. This in turn is cependent on the activity of 
phospholipase A, (PLA,) in releasing esterified arachidenic acid from cellatar phospholipid stores (Irvine, 
Biochem F 1982; 204: 2°. Since PLA. has seen reported to be abnermal im psoriasis (Forster et al., Br F 
Dermatol 1983; 108: 103) we have iselated and characterized epidermal PLA, in order to investigate its 
regulation. 

Epidermal PLA, was purified from mouse-isciatecl epidermal cells by detergent solubilization, ion 
exchange chromatography and gel fltration. The enzyme was found to have a MW of 68 000, a pH 
optimum of 9-0 and an absolute dependence on Ca?” jens for enzyme activity. Enzyme activity was 
detectable using both unilammelar vesicies and detergent micelles of phospholipid with no apparent 
preference for polar head group. PLA, actrvity wasanhibited by unsaturated “atty acids (Ki 3-75 uM) inthe 
following order of decreasing potency; ET YA > Arachidonate > Eimosapenceenaate > Linoleate = Linole- 
nate > Oleate > Palmitate. 

A similar PLA, with alkaline pH optimum and Ca~* -dependence was present in human epidermal 
suction blisters. Human epidermal PLA. was also inhbbited oy arachidonic acid (Ki 
5 uM) suggesting a regulatory role for ‘cedback tnhabition in the comtrol of PLA, activity. Ki for 
arachidonic acid was found to be higher in uninvolved psoriatic epiderm.s (> 50 uM) than in control 
epidermis. 

These results suggest that epiderraal PLA, is regulated by product inBibition and indicate that this 
control mechanism may be defective in psoriasis. 





POSTERS. 





The generation and effects of e:cosanoids im the dermal equivalent model. P.H.SyMoNDs, 
R.M.BARR AND M.W.GaREAVES, /nstitute of Dermatology, St Thomas's Hespital, London, U.K. 


The culture of dermal fibroblasts m a collagen matix (dermal equivalent) is thought to be more 
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representative of the in vivo situation than monolayer cultures. The generation and effects of eicosanoids in 
dermal equivalents have not been investigated. 

Dermal equivalents were prepared containing 2 x 10° human dermal fibroblasts per 5 ml rat-tail 
collagen gel (3 mg/ml) in Dulbecco’s MEM containing fetal calf serum (FCS) plated in 5-cm dishes. Gel 
contraction was measured as the reduction in the mean of two perpendicular diameters. PGE, was 
measured by RIA. 

Dermal equivalent contraction was less, 35 + 3%), in 1% FCS compared with 48 + 3%, (P < 0-02, n = 8) 
for 10% FCS. Arachidonic acid, PGE,, 5 (RS)-HETE, 12 (RS)-HETE and 15 (RS)-HETE (10° *~107? 
M) tended to further inhibit contraction although the reduction was small and not consistently significant. 
In no instance was the contraction rate increased. 

PGE, synthesis was highest during the initial 48 h of culture, when gels were rapidly contracting, and 
subsequently declined to minimal levels. Initial release was significantly higher for gels in 10% FCS 
(26 + § ng/culture per 48 h, n = 6) compared with 1% FCS (3 + 0-7 ng/culture). Addition of TGF-f (0-1 to 
ro ng/ml) neither affected gel contraction nor PGE, release. 

These results suggest that there is no direct relationship between eicosanoid synthesis and the 
interaction between fibroblasts and the collagen fibrils. It appears unlikely that eicosanoids play a part in 
collagen remodelling in wound healing. In contrast to a previous report we were unable to demonstrate an 
effect of TGF-f on gel contraction. 


Blood polymorphonuclear cells from patients with psoriasis show an increased adherence to 
cultured vascular endothelium. K.A.BRown, F.LERoy, M.W.GREAVES* AND D.C.DUMONDE, Depart- 
ment of Immunology and * Institute of Dermatology, UMDS, St Thomas’s Hospital Campus, London U.K. 


The infiltration of blood polymorphonuclear cells (PMNs) into the epidermis of psoriatic skin to form 
microabscesses is probably initiated by the increased attachment of these cells to local vascular 
endothelium. Cytokines, such as IL-1, are present in psoriatic lesions (Camp RDR ez al., F Immunol 1986; 
137: 3469) and these are known to act on cultured endothelium to increase their adhesiveness for PMNs 
(Bevilacqua MP et al., F Clin Invest, 1985; 76: 2003). The aim of this study was to determine if blood PMNs 
from patients with psoriasis were more adherent than control PMNs to untreated and cytokine-treated 
cultured human endothelium. 

Fourteen psoriatic patients and 14 controls were studied. Adherence was quantitated by measuring the 
binding of °'Cr-labelled PMNs to confluent monolayers of human umbilical vein endothelium grown in 
microwells. PMNs, suspended in 10%, autologous serum and RPMI medium, were incubated with 
endothelium for 1 h at 37°C. Prior to the adherence assay, endothelial monolayers were pretreated for 4h 
with 0-02-2-0 units/well of recombinant IL-1 or tumour-necrosis factor (T NFx). Each test was performed 
in quadruplicate. 

Psoriatic PMNs were more adherent than control PMNs to untreated endothelium (mean 35°, increase; 
P<0-05). There was no difference in the responsiveness of PMNs from both groups of subjects to 
cytokine-treated endothelial cells. PMNs from controls and patients exhibited a mean 59°, and 48%, 
increase respectively (P<o-o1) to [L-1-treated endothelial cells and a 112°, and 103°% Increase 
(P <0-001) to endothelial cells pretreated with TNFx. We propose that blood PMNs from patients with 
psoriasis may already be predisposed to an increased extravasation into skin lesions. 


Expression of mRNA recognized by two pigment-cell-specific cDNA clones and tyrosinase 
synthesis during the hair growth cycle. S.A. BuRCHILL, C.P.F.REDFERN AND A.J]. THoDy, Dermatology 
Department, University of Newcastle upon Tyne, U.K. 


pMTs5 and pmc Tyr-Bg are pigment-cell-specific cDNA clones which have been claimed to encode mouse 
tyrosinase (Shibahara A et al., Nucl Acid Res, 1986; 14: 2413-27; Muller G et al., Embo J, 1988; 7: 2723- 
30). However, recent evidence suggests that pMT5 may code for a tyrosinase-related-protein (TRP). In 
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this study we have examined the expression of m& INA recogrized by both these cDNAs and their 
relationship with tyrosinase synthes:s ducing hair growth in the mouse. 

Skin samples for RNA extraction and measurement of tyrosingse synthesis were taken 0-16 days after 
birth during the first hair cycle. Northern blots of poly(A)+ RNA were prebed with [??P]-labelled cDNA 
inserts of pMTS5 or pme Tyr-Bo9 and subsequentiy reprobed for f-actin to check the loading of 
poly(A)+ RNA. Tyrosinase synthesis was measured by immeanoprecimatation of [°°5]-methionine- 
labelled follicles with tyrosinase antibodr. 

Tyrosinase synthesis occurred within 4 days of birth, during tte early anagen phase of the hair cycle. 
Synthesis peaked about 7-8 days after beth and then continued at a reduced level until late anagen. No 
synthesis occurred during catagen end selogen. During the amagen phase of hair growth mRNA was 
recognized by the pmc Tyr-Bg probe, and its expression was greatest 2-4 days after birth. No expression 
was found during catagen or telogen. However, the piTs probe recognized no mRNA during this first 
hair cycle. 

The data demonstrate that the expression of mRNA recognized by the pMT5 probe and tyrosinase 


ges 





from tyrosinase. However, the increased expression of mRNA recognized by pme Tyr-Bg during periods 
of high tyrosinase synthesis 1s consistem with the idea that this cDNA clone may code for mouse 
tyrosinase. 





Is prognosis related to HLA-DR expression bv malignant melanoma cells? P.S.CoLLosy, 
K.P.WeEst AND A.FLETCHER*, Department of Pathology, University of Leicester, and *Department of 
Histopathology, Leicester Royal Infirmary, UK. 


HLA-DR, a class IT major histocompatit@lity complex (MHC) antigen, is not expressed on the surface of 
benign melanocytic (naevus) cells. [cas however expressed by malignant cells both in culture and ‘in vivo’. 
The presence of staining, the proportion of positive celis and their staining intensity varies depending on 
the technique used. No consensus on tie significance of HLA-DR antigen expression has emerged, 
although a recent paper has proposed that pesitive expressiom is associated with a poor prognosis in 
invasive malignant melanoma. 

The monoclonal antibodies LN3 and TAL i Bs, which are directed against «-chain HLA-DR epitopes, 
work on routinely processed and fixed tissues and are visuehzed using an avidin~biotin-alkaline 
phosphatase technique. We have applied them retrospectively to 35 cases of invasive primary cutaneous 
malignant melanoma with 5-year clinical follow-up data. Of these, 29 have a significant potential for 
metastasis using Breslaw’s original critema. 

Fifteen out of 29 (52°.,) are HLA-DR positive, although the preportion of positive cells varies 
considerably from < 5“, to > §0°,,. Of these i5 cases, § 14 (33°,,) nave suffered either local recurrences or 
distant metastasis and 2/15 (13°) have died of dissemmated malignancy. Fourteen out of 29 (48%) do not 
express detectable amounts ef HLA-DR antigen. Of these, 11/84 (79%) have suffered local or distant 
metastasis, and 8/14 (§7°,,) have died of disseminated malignancy. Local or distant metastasis (P < 0-02) 
and mortality from disseminated makgnamt melanoma (P < oos) are significantly correlated with failure to 
express HLA-DR antigen. 

This preliminary study suggests that the expression of HLA-DE is a faveurable prognostic factor which 
could usefully be included in the assessment of invasive melanecytic malignancies. 


Nicotinamide, an in vitro and 1% vive mononuclear cell cAMP phesphodiesterase inhibitor— 
its use in atopic dermatitis. LH.Coutson, B.ctueman, S.N.DuNcaN AND C.A.HOLDEN, Skin 
Laboratory, St Helter Hospital, Carshaitca, Surrey Ù K. 





Adults with atopic dermatitis (AD) have elevated activity of pergpheral mood mononuclear cell (MNL) 
cAMP-specific phosphodiesterase (PDE >. Nicotinamide (Nic) matbits PDE in rat liver and reduces the 
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severity and mortality of anaphylactic reactions in mice. We sought to determine if Nic-inhibited PDE in 
human MNLs in vitro and the effect of oral nicotinamide on MNL PDE and clinical parameters in patients 
with AD. 

Previously frozen MNL homogenates from two normal subjects were assayed for PDE activity by 
radioenzyme assay in the presence of Nic varying in concentration between 2:5 and 120 mM Nic ina series 
of four experiments. A dose-related reduction in PDE activity was documented with 50°, reduction 
occurring at a 15 mM concentration of Nic, being maximal (90%) at 60 mM. Enzyme kinetic studies 
suggested that inhibition was competitive. Using fresh unfrozen cells from eight normal subjects, only a 
30°, maximal reduction in PDE activity was produced with 60 mM Nic. 

In an open study, 2 g oral nicotinamide was administered daily for 4 weeks to seven adults with atopic 
dermatitis. MNL PDE fell from 4:16 +072 to 2°95 £075 pmol/min per mg protein (mean + SEM, 
P<o0-05). There was no significant change in eczema extent, itch, or weal volumes produced by 
intradermal injection of 100 nmol histamine, 100 pmol Substance P and 25 units of house dust mite 
antigen. 


Phenotypic characteristics of antigen-bearing cells in the draining lymph nodes of contact 
sensitized mice. M.CUMBERBATCH AND I.Kimper, [CI Central Toxicology Laboratory, Alderley Park, 
Macclesfield, U.K. 


Following the topical exposure of mice to contact-sensitizing chemicals there is a rapid accumulation of 
dendritic cells in the draining lymph nodes. Studies with the skin-sensitizing fluorochromes, fluorescein 
isothiocyanate (FITC) and rhodamine isothiocyanate (RITC) have revealed that within hours of skin 
painting there is the appearance of large antigen-bearing cells within lymph nodes. Such cells are 
immunogenic and efficiently transfer specific sensitization to naive recipients. Although it has been 
presumed that antigen-bearing cells are dendritic in nature and derived from the Langerhans cells of the 
skin, the possibility remains that the recently discovered murine epidermal Thy 1* dendritic cell may 
transport antigen or that resident lymph node macrophages may bind antigen. To more accurately 
determine the phenotypic characteristics of antigen-bearing cells which accumulate in lymph nodes, we 
have performed two-colour immunofluorescence analyses with a panel of monoclonal antibodies. These 
studies have demonstrated that antigen-bearing lymph node cells express high levels of membrane Ia but 
lack Thy 1 and determinants associated with macrophages. Furthermore, unlike macrophages, antigen- 
bearing cells fail to phagocytose latex beads, even under optimal culture conditions. 

The conclusion drawn is that cell-associated antigen within the draining lymph nodes of contact 
sensitized mice is found almost exclusively within the Ia*, Thy-1~ dendritic-cell fraction, 


Cyclic AMP-specific phosphodiesterase in atopic dermatitis—activity in whole skin and 
cultured fibroblasts. S.N.DuNcAN, I.H.CouLson, H.Navsaria,* I.LEIGH AND C.A.HOLDEN, Skin 
Laboratory, St Helier Hospital, Carshalton, Surrey and *Experimental Dermatology Laboratory, The 
London Hospital, U.K. 


Cyclic AMP-specific phosphodiesterase (PDE) activity is significantly elevated in peripheral blood 
mononuclear cells in atopic adults, particularly those with atopic dermatitis (AD). Elevation of PDE 
activity in cultured keratinocytes derived from lesional atopic dermatitis skin has not been found. This 
would suggest that elevated PDE activity in AD is confined to bone marrow-derived immune-competent 
cells. To further investigate this, we sought to compare PDE activity in cultured fibroblasts and sonicated 
whole-skin derived from lesions of atopic dermatitis to skin derived from non-atopic controls. 

Punch biopsies (4 mm) were taken from areas of active atopic dermatitis. Normal skin adjacent to 
pigmented lesions being removed for cosmetic reasons was collected from non-atopic individuals. Skin 
biopsies were cultured in medium 199 in a 5% CO,, 95%, humidity atmosphere at 37°C until confluence 
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was achieved at P, or P}. Cultured fibroblast and whole skin PDE was determined on sonicates; 
preliminary experiments showed that optienal PDE act-vity was achseved by ultrasonicating whole skin for 
3 x 20s in 2 ml of GBSS. PDE activity wes measured by radioenzyme assay. activity being related to total 
protein concentration (Table 1). 

Significant differences in fibroblast and whole skin PDE between AD lesional skin and normal skin were 
not found. Elevated PDE in AD woald seem to be confined to marrow-derived mononuclear cells. 


The effect of oral antibiotic therapy fer acne en te incidence of mukiply-resistant coagulase- 
negative staphylococci at the skin surface. FE. ANNE EADY, J.HCove AND W.J.CUNLIFFE*, Department 
of Microbiology, University of Leeds and *Department æ Dermatology, Leeds General Infirmary, U.K. 


Multiply resistant (mul:®) coagulase-negative stapnylococe: (CONS) are increasingly being implicated in 
infections of compromised hosts. Cutareosus CONS rammdly develop resistance to the administered 
antibiotic during oral therapy for acne valgaris. In addition non-responding antibiotx-treated acne 
patients have been shown to carry mere mult” CONS taan antreated subjects. In this study the incidence 
of singly and multiply-resistant CONS before, durig and after a standard 6-month course of oral 
tetracycline (500 mg b.d., 12 patients), menocycline (r6 mg b.d., 13 patients) or erythromycin (500 mg 
b.d., 10 patients) was determined in ys previously antreated acne patients. Collection of bacterial samples 
and detection of resistance were bv standard methecds Before treatmemt, the following incidences 
(expressed as °., of patients) of individual resistances were detected: penicillin 97, tetracycline 91-4, 
erythromycin §7, fusidic acid 57, trimethoorim 3'-4, <hlotamphenicol 23, clindamycin $7, gentamicin 
5:7. The number of resistant strains cm~* skin variec by > § log cycles between patients, whereas the 
proportion of resistant strains varied from < 1073 to mo? of the-toral staphylococcal flora of individual 
patients. Mult? staphylococci were carried cy §1-4°., of patiants before treatment and 28-6°,, carried > 100 
such strains cm~* skin. After 1 week of <reatment nome of the three ancibiotics produced a significant 
increase in the number of mult® staphylocecci. Increas tag curation ef therapy was associated with a rise in 
the number of mult? strains irrespective of the antib:ecic used. After 6 months, the number of patients 
carrying > 100 mult® staphylococci em~- skin had rben to 686°. (P<o-01, 7”). Overall, minocycline 
treatment resulted in less multiple resistance than tetraecvcliae or erythromycin. The results show that the 
large pre-existing reservoir of muh? CONS on the skin of untreated subjects is significantly increased 
following long-term oral administration cf antibiotics “or acne. 








Retinoic acid-induced inhibition of metastatic melanoma eell-cell aggregation. adhesion to 


endothelium, and lung colonization. ].Gorp, MA EDWARD AND R.M.MacKig, Department of 
Dermatology, University of Glasgow, U.K. 





Retinoids exert a wide range of biological effects on morzzal and tumour cells in culture and 77 vivo, the most 
important being the modulation of cell growth and differentiation. The mechanism(s) whereby retinoic 
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acid inhibits melanoma cell lung colonization (demonstrated here) is not understood, but may, in part, 
involve inhibition of degradative enzymes such as collagenases, or the modulation of tumour cell adhesion. 
We have previously demonstrated retinoic acid-induced inhibition of melanoma cell adhesion to type IV 
collagen and laminin/nidogen, and now present evidence that retinoic acid pretreated melanoma cells 
exhibit reduced homotypic and heterotypic cell-cell adhesion. 

B16F1Mz2 cells were derived from the B16F 1 melanoma cell line by passage through the lungs of C57BL 
mice twice, producing a highly metastatic cell line. Lung colonization potential was assessed by injecting 
10° cells via the tail vein of C57BL mice and counting lung nodules 18 days later. For cell-adhesion studies 
B16F1Mz2 cells were grown in the presence or absence of 10° © M retinoic acid for 4 days and labelled with 
°' Cr-chromate for 18 h prior to detachment. Washed cells were seeded onto confluent monolayers of either 
B16F 1M2 melanoma cells or calf pulmonary aortic endothelial cells, in serum-free medium, and incubated 
at 37 C. At various time intervals cell layers were washed with PBS, and adherent cells solubilized with 0:5 
M NaOH and aliquots taken for gamma counting. Spheroid formation was examined by seeding cells on top 
of o-5%, agar. 

Retinoic acid pretreatment of B16F1M2 melanoma cells reduced their adhesion to both melanoma and 
endothelial cell monolayers and also inhibited their ability to form spheroids, Inhibition of lung 
colonization may therefore be due, in part, to a reduction in the formation of tumour-cell aggregates which 
may non-specifically lodge in microcapillaries, or reduced adhesion of the tumour cells to the endothelium 
of the target organ. 


Demonstration of the systemic effect of topical treatment in psoriasis by clinical assessment 
and blood-flow measurement. M.].D.GoopF1ELp, S. MACDONALD HULL AND WJ .CUNLIFFE, Depart- 
ment of Dermatology, The General Infirmary at Leeds, U.K. 


We wished to investigate the effect of generalized topical treatment on a single untreated plaque of 
psoriasis, and used clinical assessment and laser-Doppler flowmetry to do this. 

Ten patients with chronic plaque psoriasis were assessed according to the PASI scoring system, and 
then a single plaque was chosen for more specific measurement. Erythema, scaling and induration were 
graded, blood flow was measured using a laser-Doppler flowmeter (Perimed, Pfid) at the centre of the 
plaque, the active edge and the inactive edge. Patients received conventional dithranol treatment, avoiding 
the plaque specifically assessed. The assessment was repeated after 1 week. Two patients also received 
UVB therapy, but the untreated plaque was covered during UVB exposure. 

There was improvement in the psoriasis in nine out of 10 patients, with a fall in mean PASI scores from 
8-6 to 4:2. The untreated plaque also improved, with a mean change in score of 3(2-§) (mean(range)). The 
blood flow at the centre of the plaque fell from 4:2 V (3:5-4-5) to 2: 3 V (1:5-3), and at the active edge from 
2'7 (15-4) to 1:6 (0°§~2-5). UVB treatment made no difference to the results. One patient’s psoriasis 
worsened, and PASI scores, as well as blood flow, increased. 

Therefore, there is clear evidence, both from clinical assessment and from objective blood flow 
measurement, of a systemic effect of topical treatment. This is true of dithranol alone, and combined with 
UVB. Dithranol is poorly absorbed through the skin, and it is unlikely that this is an important factor. It is 
more likely that changes in circulating factors, either humoral or cellular, are responsible. This has 
important implications both for the pathogenesis of psoriasis, and for the planning of therapeutic trials in 
this disease. 


Effect of N,N-dimethylformamide on metastatic B16 melanoma cell adhesion, melanogene- 
sis, glycosaminoglycan synthesis, and lung colonization. M.HAMILTON, M.EDWARD AND 
R.M.MACKIE, Department of Dermatology, University of Glasgow, U.K. 


Polar solvents such as dimethylformamide (DMF) have been shown to induce tumour cell differentiation 
in vitro and im vivo, and may prove to be important in the treatment of certain tumours. Here we have 
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examined the effect of DMF on murine metastatic melanoma cell growth, morphology, melanogenesis, 
adhesion to various substrates, givcosaminog!ycan promerties and ability to colonize the lungs of syngeneic 
C57 BL mice. 

Cells were grown in the presence or absence of @ s“, DME in 60-mm Petri dishes and counted daily. An 
aliquot of the cell suspension was taken for tyrosinase eetivity estimation while the remainder was used for 
melanin determination. For adhesion studies, cells were grown for 4 days in œs, DMF and seeded onto 
35-mm Petri dishes coated with varous proteins. Adaren: cells were counted at various time intervals 
following incubation in serum-free medium. GAGS ‘rom the medium and cell surface fractions were 
examined on ion-exchange columns, while lung cclornizationwas assessec by injection of 10° cells into the 
tail vein and lung nodules counted r8 days later. 

DMEF inhibited the growth of the melanoma celis, cef numbers being reduced by 25°, following 4 days 
incubation in the presence ofo 5°, DMF. Melanin synchesis was increased from 2-2 to 4-2 g/10° cells, and 
tyrosinase activity increased twofold following 4 days mcubation. DMF altered the properties of GAGS 
and reduced the adhesion of the melanoma cells to |amiogdn;nidogen., but hed little effect on adhesion to type 
I collagen and fibronectin, while the rumour cells’ abiazy to colonize the ungs was increased, the average 
tumour count rising from an average cf 75 to 105. While DMF apsears to induce a more highly 
differentiated state it increased the ce'ls’ ability to colorize the lung. This may be due to possible changes in 
enzyme activities such as plasminogen activators, co.bazenases anc hepacanase. 











Changes in epidermal keratin levels during treamment of psoriasis with the topical vitamin D, 
analogue MCg03. D.B.HOLLAND, $.G.ROBERTS, A-Bossei,* E.).Wocp* AND W.J.CUNLIFFE, Depart- 
ment of Dermatology, Leeds General Infirmary and * Department of Biochemistry, University of Leeds, Leeds, 
U.K. 


In psoriasis the keratinocytes follow an alternate maturatiowpathway in which they hyperproliferate and 
fail to complete terminal differentiation leading to a medified keratin profile. Keratins I and 2 (markers of 
differentiation) are reduced and keratins 6 and 16 (marsers of hyperprolifzration) appear or are increased. 
Treatment of psoriasis with vitamin D, metabolites or emalogues, are clinically effective and free from side- 
effects. We investigated the clinical efficacy of the vitamin D, analogue MCg03 applied topically twice 
daily in eight patients with plaque pseriasis. The effects of MCq03 on serum calcium, inorganic phosphate 
and 1,25 dihydroxyvitamin D, [(1,25°OH).D,| and on epidermal differentiation, as measured by changes 
in epidermal lesional keratins, were examined. Keratctome shavings and blood samples were taken before 
treatment and at 2-3 weekly intervals Curing therapy. Keratins were analysed by SDS-PAGE and 
quantified by scanning densitometry Serum levels of 1,2s(QH);D, were measured using an Amersham 
Kit. Clinical resolution occurred rapidly within 6-r0 weeks, with no side-effects, in six patients, Serum 
calcium and phosphate levels remained within the normal range, while serum 1,25(OH),D, levels did not 
alter significantly throughout therapy. No correlation setween 1,25(OH),D, levels and patient respon- 
siveness to MCg903 was found. The most consistent keratin changes durmg resolution of a lesion were a 
reduction in the amounts of keratins 16 and 18 amd ar increase in keratims 1 and 2. These changes were 
similar to those observed with oral 1 “OH vitamin D, oowh PUVA. therapy. The decrease in the levels of 
K r6 suggests that the treatment causes inhibition of keratinocyte preliferation, while the stimulation of the 
production of Kı and K2, suggests that a return to nermal epidermal keratinocyte maturation occurs. 


Expression and cytoskeletal binding of calgranuiin in-cultured keratinocytes. SUSAN E. KELLY, 
B.R.CLARK* AND S.FLEMING*, Departments of Dermaiziogy and * Pasholog», University of Edinburgh, U.K. 


The molecules calgranulins A and B are two intracellular calcium-binding proteins which are expressed by 
the lesional keratinocytes of indarmmatery dermatoses. We have investigated the induction of the 
calgranulin proteins in an in vitro system and characterized the epidermal form of calgranulin. Using 
calgranulin-specific monoclonal antibodies we have shown that these proteins are expressed within the 
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epidermis of skin explants after 12~24 h culture im vitro. The induction of calgranulin-specific staining on 
culture was prevented, however, by the inclusion of cycloheximide in the culture medium, in sufficient 
quantities to prevent de novo MRNA synthesis. Indirect immunofiuorescence staining was used to analyse 
the subcellular localization of the calgranulin proteins. The specific staining pattern with antibodies which 
recognize the individual calgranulin proteins was retained in detergent-insoluble cytoskeletal preparations 
in epidermal sections. The calgranulin-positive explants also displayed evidence of a cytoskeletal-filament 
redistribution typical of keratinocytes cultured under low-calcium conditions. Calgranulins were 
associated with these redistributed filaments. 

Epidermal calgranulins were solubilized using a urea-based protein-extraction buffer. After sodium 
dodecyl sulphate (SDS)-polyacrylamide-gel electrophoresis a single antigen, with a molecular weight of 
13:0 kDa was detected with the calgranulin specific antibody MAC 387. Extraction of the proteins from 
psoriatic scale also displayed an antigen at this molecular weight. This value agrees with that previously 
described for the calgranulin B sequence found in myelomonocytic blood cells. 

The expression of calgranulins, similar to other members of the same protein family, may regulate 
cytoskeletal changes in skin disease. 


Non-secretion of ABO blood-group antigens in patients with palmoplantar pustulosis without 
arthro-osteitis. D. KEMMETT, R.L.SLoAN,* C.C.BLACKWELL,t D.M.WEIR+} AND G.NukKi*, Departments 
of Dermatology, * Rheumatology and + Bacteriology, University of Edinburgh, U.K. 


The non-secretion of ABO blood-group antigens is associated with a number of bacterial and fungal 
infections and with some autoimmune diseases for which infectious triggers have been proposed. Non- 
secretion has also been found to be a host-susceptibility factor for ankylosing spondylitis (AS), reactive 
arthritis and psoriatic arthropathy (PsA) but not for rheumatoid arthritis or uncomplicated psoriasis (PS). 
The relationship of palmoplantar pustulosis with psoriasis remains controversial. There are clinical 
differences and the HLA associations of the diseases are distinct (Kemmett D er al., Br J Dermatol 1985; 
413: 40). Recently, a characteristic form of arthro-osteitis has been found to be associated with PPP 
(Sonazaki H er al., Ann Rheum Dis 1981; 40: 554-7). 

The secretor status of 36 patients with PPP was assessed. Patients with coexisting psoriasis, a family 
history of psoriasis or diabetes were excluded. None had clinical, radiographic or scintigraphic evidence of 
arthro-osteitis. The proportion of non-secretors (50%) was comparable to that found amongst 84 patients 
with AS (49%) and 42 patients with PsA (45°) and significantly higher than that found in patients with 
uncomplicated psoriasis (24%) or controls (27°;,) (P < o-or}. 

PPP can be added to the list of diseases associated with non-secretion of blood group antigens. Secretor 
status provides further evidence that PPP and PS are distinct entities. 


The effect of griseofulvin on serum cholesterol. B.J.LIDDLE, J.R.MARSDEN AND R.J.CRAMBX, 
Department of Dermatology, The General Hospital, Birmingham and *Clinical Chemistry, The Queen 
Elizabeth Hospital, Birmingham, U.K. 


Drugs which induce hepatic mixed function oxidases (MFO) such as phenytoin and phenobarbitone 
increase the concentration of serum cholesterol. Griseofulvin is reputed to induce hepatic MFO but the 
evidence for this is indirect (Okino K er al., Drug Intel Clin Pharm 1986; 20: 291-3). Therefore we have 
investigated the effect of griseofulvin on concentrations of x-1-acid glycoprotein (AAG) and gamma 
glutaryl transferase (GGT) which reflect MFO activity, and on levels of serum lipids and apolipoproteins. 
Ten patients with dermatophytosis (three females and seven males, aged 18-65) were treated with 
griseofulvin (10 mg/kg per day) for 8 weeks. Blood was taken after a 12-h fast before and at 2-weekly 
intervals during treatment, and at 2 and 4 weeks after treatment was stopped. All samples were analysed 
for: AAG, GGT, total serum cholesterol (C), triglycerides (T), apolipoprotein B (apo B), high density 
lipoprotein cholesterol (HDL C) and apolipoprotein A (apo A). Concentrations of AAG increased from 
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0-76 g/l+0-08 (SEM) to 1-15 2/! 
l t024 pretreatment and 36 Uji + 9-21 (P O05: after & weeks. C levels were 5-3 mmol/l +03 before 
griseofulvin and 5-4 mol/l + 0-3 after 8 weeks trearmem and T levels were p7 mmol/l + 0-3 before and 1-6 
mmol/l + 0-3 at the end of treatmen:. Apo B levels were 9-76 mmoel/l+o-o5 before griseofulvin and 0-76 
mmol/l+o-o5 after 8 weeks treatment. Concentretiors of HDL C were rı mmol/l+o-1 before 
griseofulvin and 1-2 mmol/l + o r after 8 weeks, and ape A.levels were 1-2 mmol/l + 0-1 before griseofulvin 
and 1:3 mmol/l+o-1 after 8 weeks crearment. These “ndings suggest that griseofulvin induces hepatic 
MFO but that treatment for 8 weeks has no effect on comcentrations of serum lipids or apolipoproteins. 








The role ofa basement-membrane-degrading codlegenase in sclerederma. B. MCLAUGHLIN AND 
J.B.Weiss, The Wolfson Angiogenesis Unit, Universit oy Manchester and Department of Rheumatology, 
Clinical Sciences Building, Hope Hespitai, Salford, U E. 


Skin fibroblasts in culture are knewn to secrere chree neutral metailozndoproteinases: collagenase, 
stromelysin and gelatinase. Recentiv, it has been showe tkat gelatinase which was always thought to be an 
enzyme of rather wide specificity is in fact a specific basement membrane (type IV collagen) degrading 
enzyme (Collier et al., J Biochem 1988; 263: 6570-87 | 

In scleroderma the normal response to vascular damage is not observed ard we examined the possibility 
that the development of the peripheral raicrovascular pathology might be due to an abnormal, possibly 
transformed, fibroblast producing a basement mem: brane-degrading eazyme which would inhibit 
angiogenesis and subsequent repair. We have examined nine scleroderma skin fibroblast cell lines and 
observed that five of them secreted a sign: Scantly increased amount of latert gelatinase as compared with 
age-and sex-matched contro! skin Sbrobiasts from nomma skin. 

The average amount of latent gelatinase secreted by the ive cel! lines expressed as ng of gelatin degraded 
per hour was 2380+ 510. This compared with 273 ng degraded per h + 41 for the controls. This gives a 
significance of > 0-05. In these experiments the latem: enzyme was activated with ESAF, 

It is possible that in normal circumstaaces vascular damage anc subsequent local ischaemia would be 
followed by vascular proliferation (angiogenesis) whicè would either return the vascular bed to normal or 
possibly result in haemorrhage and ovecproliferation of microvessels .€.2. retinopathy}. However, in 
scleroderma increased levels of type 1V ccllagenase would degrade ihe basement membrane and therefore 
interfere with the formation of capillaries and other more major blood vessels. Ischaemic cells generally 
respond by producing ESAF and this woa!ld resuk in activation of latent enzyme and result in the lysis of 
the basement membrane and the production of highiy unfavourable environments for new capillary 
growth. 


The effect of treatment with r3-cis retinoic acid om the metabolic burst of peripheral blood 
neutrophils from patients with acne. W Perkins, E.Y .CROCRET,* M.B.Hopains, R.M.MACKIE AND 
J.M.Lackie*, Department of Derraarslogy and * Departnet of Celi Biology. University of Glasgow, U.K. 


Neutrophils are implicated as mediators ef tissue damage in inflammatory disease. It has been suggested 
that the therapeutic benefit of 12-crs retinoic acid (12-5) in acne may result in part from effects on 
neutrophil function. The metabolic burst in respemse to pro-iaflammacory stimuli is important in 
mediating tissue damage by neutrophils and can be quantified by laminol-enhanced cherniluminescence 
assay (Lackie JM, Lawrence AJ, Biochem Pharmacol 1687; 36: 19% a-§). in the present study, the formyl 
peptide-induced metabolic burst was studied in periphe ra blood neutrophiss of acne patients undergoing 
treatment with oral 13-cis at a dose of 1-0 mg/kg per day. Neutrophils were isolated from venous blood by 
Ficoll-Hypaque density gradient centrifugation, @imw ated in virre with formyl peptide f-met-leu-phe, 
100 nmol/r) and assayed for chemfluminescence (units 20° cells). The mean-chemiluminescence response 
was significantly greater (P < 0-0$) im patents receiving r3-cis (113 + 13 SEM, n= 32) than in untreated 
patients (71 + 14 SEM, n = 21) or age~matzhed non-acme controls tes + 5 SEM, 7 = 24). Pre-incubation of 
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neutrophils im vitro with 13-cis (10 nmol/i) did not affect the chemiluminescence response to formyl 
peptide. A sequential study over 20 weeks in seven patients showed that chemiluminescence peaked 
between 2 and 8 weeks of treatment. In three patients this was accompanied by worsening of their acne. 

These studies suggest that, in the initial phase, treatment with 13-cis might exacerbate certain 
neutrophil-mediated inflammatory processes in acne. 


Failure of psoriatic fibroblasts to promote keratinocyte proliferation in vitro. G.C.PRIESTLEY 
AND R.LORD, Department of Dermatology, University of Edinburgh, U.K. 


The various abnormalities of fibroblasts cultured from psoriatic dermis could indicate a primary role for 
fibroblasts in inducing epidermal hyperplasia, as proposed by Saiag ez al. (Science 1985; 230: 669-72), or 
that events in both dermis and epidermis are triggered by an extracutaneous stimulus, for example, by 
activated T lymphocytes (Valdimarsson et al, Immunol Today 1986; 97: 256-9). We examined the first 
possibility. 

Keratinocytes from normal infant foreskins, cultured without feeder layers, received medium 
conditioned by normal (HSF) or psoriatic (PSA) fibroblasts or medium pre-incubated without cells. In 
experiments with six different pairs of fibroblast lines the mean increases (+ SEM) in proliferation from 
cultures fed the unconditioned medium were 16 + 4°, (HSF) and 6+ 7°, (PSA) (P > 0-05). In two other 
experiments, fibroblasts in collagen lattices were co-cultured with keratinocyte monolayers in multi-well 
dishes using cellulose acetate inserts. Although HSF-populated lattices had no effect, PSA-populated 
lattices depressed proliferation by 35+5°%, and 30+8°, (P<0-01) compared to lattices without 
fibroblasts. As a positive control, keratinocyte cultures were also fed leucocyte culture supernatants and 
proliferation increased by up to 65°%,. These findings do not support an inductive role for dermal 
fibroblasts in psoriasis. 


Determination of the responsiveness of lymphocyte subsets to locomotor stimuli by immuno- 
cytochemical analysis of migrated cells. J.S.Ross anp R.D.R.Camp, Institute of Dermatology, 
St Thomas’s Hospital, London, U.K. 


We have previously reported the concentration-related in vitro migration of mixed peripheral blood 
lymphocytes (PBL) in response to recombinant (r) interleukin (IL) 1a (0-25-5 ng/ml) and zymosan 
activated plasma (ZAP; o-1-5°%, v/v). Others have attempted to determine the responsiveness of 
lymphocyte subpopulations to chemotactic stimuli by examining the migration of specifically purified 
PBL subsets. We have now studied the migration of mixed PBL, purified by density gradient 
centrifugation and plastic adherence, in a microchemotaxis assay in the presence of minimal essential 
medium (MEM) alone and in response to rIL-1x (5 ng/ml) and ZAP (5%, v/v). APAAP immunochemistry 
and the monoclonal antibodies Royal Free Pan-T, Royal Free Pan-B, Dako-T'4 and Dako-T8 were used to 


TABLE I. 





Pan T 1814+26* 84+13 4 168+24* 84+11 § 
Pan B 1243 743 4 244+4F WWt4 6 
T-helper 164+19* 7243 3 §6410*% 2843 5 
T-suppressor 37+6 35410 4 F2412* 334+6 6 





*P<o-0§ and f P=0-0§ on comparison with MEM alone 
(paired t-test) 
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respectively quantify total T cells, total E cells, T-helsers and 1 -suppressers, which had migrated to the 
undersurface of polycarbonate chemotaxis filters. Results (mean numbers of cells per eight high power 
fields + SEM) are shown in Table :. 

These results show that the majority ef migtating "EL are T-cells, rf{L-19 selectively stimulated the 
migration of T-helper cells without affecting ‘T-suppressor locomotion. ZAP significantly stimulated the 
migration of both T-helper and T-suppressor cells andB cells. This method may be used te investigate the 
selective actions of lymphocyte chemoattractants end re study the specificity of the effects of certain drugs 
on PBL migration. 


The effects of species and density of infection on the pathology of ringworm. A.J.SAMDANI AND 
R.Marks, Department of Medicine i Dermatology ja Csversity of Wales Colege of Medicine, Cardiff U.K. 


The relationships between the quality and quantity of a noxious stimulus and the ensuing tissue response 
are important to an understanding of the 2athodynamics of all disease. In human ringworm infections the 
fungal micro-organisms are confined to the stratum comeum, bet the inflammatory reaction occurs in the 
viable tissue beneath, and to establish simulus-respense relationships beth anatomica! zones must be 
studied. 

In this study 18 patients (18-60 years cf age) with dermatophyte infections of glabrous skin had 4-mm 
punch biopsies and skin surface biopsies | SSB) frem sa immediately adjacent site, at the periphery of the 
ringworm lesions. Eleven had Trichophston rubrum, four had Trichopay:on mentagropaytes and three 
Epidermophyton floccosum. Periodic acid Schiff (PAS‘-stained histological sections were evaluated for the 
degree of eczema present, employing a visual analoges scale (VAS) scoving system. PAS-stained SSBs 
were examined for hyphal length as a function of densis; of infec:ion using aa eyepiece gric graticule and a 
stereological technique. 

Mononuclear cells were found to predcminate in the infiltrate in all biepsies but significant numbers of 
neutrophils and eosinophils were found im eight and-seven biopsies respectively. There was a significant 
negative correlation between the duration of the infection and the mean hyphal density in SSBs 
(r= —0:48, P=0-001) but no relationshio was found setween the degree of eczema in sections and the 
hyphal density in the stratum corneum. The different tengal species tended to be associated with different 
mean hyphal densities (7. rubrum 162-4 + 149-6, T. meztagrophyiws 114-0 = ¢1-2, E. floccosum 102-7 + 36:6) 
but there was no correlation of the degree øf eczematization with fungal type. The data thus far suggest that 
host factors are more important in the expression of the characteristic eruption of ringworm rather than 
factors associated with the invading micro-organiam 


Epidermal eumelanin and phaeomelanin concentratiens in different skin types and in 
response to PUVA. A.J.THopy, E.M.Hicoins, S.A Burcuita, 1.M.MARKS AND S.Ito*, Dermatology 
Department, University of Newcastie upos Tyne, UK. and *Gaerustry Department, School of Hygiene, 
Fujtta~Gakuen Health Universite, Tayoaze, Fapar 


There are two types of melanin in mammals—the seownish-black eumelanin and the reddish-yellow 
phaeomelanin. Both pigments are present in humar bair but there is ro information on their relative 
amounts in human skin. In this study we heve measured the concentrations of eumelanin and 
phaeomelanin in different skin types and m response te PUVA. Samples cf epidermis were obtained from 
suction blisters raised in the upper arm of 12 Caucasian subjects (skin types L II & III). The method of Ito 
and Fujita (Anal Biochem, 1986; t4: 527-35 was used te measure cumelanm and phaeomelanin which were 
converted to pyrrole-2,3,5 tricarboxylic acid (PTCA) 2nd:aminehvdropterylalanine (AHP) respectively 
prior to analysis by HPLC. Eumelanin and phaeomelaain were found in all samples and the mean 
concentrations in skin types I (w= 2); I] in =) and IM in = 5) were ogs F24 +029 anc 1'76+0-46 ng 
PTCA/mg epidermis and 5-5; 3-784 1-42 and < 10-089 ng AHP/mg epidermis respectively. The 
concentrations of both pigments increased following 6 weeks of PUVA therapy. The increased levels in the 
three skin types were 1°8, 1-98 + 0-44 and 3-72 +1 19ng PTCA/mg epidermis and 10°34, 5-24 + 1-25 and 
8:58 + 1:00 ng AHP/mg epidermis. Thee results suggest that both eumelanin and phseomelanin are 
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present in the epidermis and increase in concentration following PUVA. The concentrations of these two 
pigments in the epidermis appear to be related to skin type and this is now being examined in a larger group 
of subjects. 


Preliminary investigations into the production of mitogenic factors by cultured dermal 
papilla cells from human hair follicles. M.J. THORNTON,* K.ELLIoTT,t A.G.MESSENGERT AND 
V.A.RANDALL*, * Department of Biomedical Sciences, University of Bradford, Bradford, and f Department of 
Dermatology, Royal Hallamshire Hospital, Sheffield, U.K. 


‘The mesenchyme-derived dermal papilla of the hair follicle has a controlling influence on many parameters 
of hair growth. Since dermal fibroblasts produce diffusible substances that promote epidermal growth, we 
have investigated whether cultured dermal papilla cells from human hair follicles secrete mitogenic factors. 

Conditioned medium (DP-CM) was prepared by incubating a confluent monolayer of dermal papilla 
cells in serum-free medium for 24 h. Cells were seeded into 24-well plates at 2 x 10* cells per well, and 
grown in media E199 with 20°, fetal bovine serum for 3-4 days. After 48 h in 1 ml of serum-free media, 
cells ( x 3) were treated with various media for 24 h, before incubation with [*H]-thymidine (0-5 uCi well) 
in fresh media for 6 h. Cultures were washed with saline ( x 2), treated with 1083 trichoroacetic acid and 
solubilized with NaOH for radioactivity estimation. 

DP-CM increased thymidine uptake per 10 cells by c.20 x in dermal papilla cells (23 media, five cell 
lines) compared to serum-free media, but by only c.5 x in dermal fibroblasts. Dermal papilla cells released 
¢c.1°§ x more soluble protein than dermal fibroblasts cultured from the same biopsies. When thymidine- 
uptake was related to the amount of protein, the effect of DP-CM was c.30 x higher in dermal papilla cells 
than normal growth media, but remained c.s x in dermal fibroblasts. Uptake in DP-CM by beard dermal 
papilla cells was twice that of scalp cells (14 media, three cell lines). 

These results demonstrate that dermal papilla cells secrete diffusible factors that stimulate cell 
proliferation. Dermal papilla cells are clearly more responsive to these factors than corresponding dermal 
fibroblasts; and the extent of their response may depend upon body site. Such factors may be important in 
regulating hair growth. 

This research is supported by the Medical Research Council. 


Sugars protect desmosomal glycoproteins from proteolysis. ANNETTE WALSH AND S.].CHAPMAN, 
Department of Dermatology, Royal Liverpool Hospital, U.K. 


Desmosomal adhesion proteins may be protected from proteolytic attack by their asparagine-linked, 
complex, oligosaccharide chains (Overton J., Dev Biol 1982; 92: 66-72). To provide morphological 
evidence in support of this, pig-ear epidermis was exposed sequentially to hydrolytic enzymes, incubated 
individually for 48 h at 37°C, over 2 weeks. Experiments were repeated three times and specimens 
monitored by transmission electron microscopy. 

The two major approaches were: (i) glycosidase treatment, to remove stepwise the sugar moieties in a 
typical complex oligosaccharide chain (neuraminidase, x-mannosidase, S-mannosidase, f-galactosidase, 
N-acetyl glucosaminidase); (ii) proteolysis using both endopeptidases (cathepsins B and D) and an 
exopeptidase (carboxypeptidase A). Each enzyme was used at its optimal pH and controls comprised 
specimens exposed to the appropriate sequence of buffers alone at 37°C. 

Proteases alone induced no obvious changes in desmosomes or in the modified desmosomes 
(corneosomes) of the stratum corneum, when compared with controls. Glycosidases alone, or proteases 
followed by glycosidases caused a mild fragmentation of the intercellular structure of desmosomes. 
However dramatic changes occurred when glycosidase treatment was followed by proteolysis, character- 
ized by extensive leaching and widening of desmosome and corneosome intercellular spaces. These 
findings indicate that sugar groups protect both desmosome and corneosome glycoproteins against 
proteolysis. However, whether removal of all sugars is required for proteolysis to occur remains to be 
determined. 
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Correspondence 


Pneumocystis carinii pneumonia following methotrexate 


Str, We were interested to read Drs Liddle and Marsden’s letter (Br f Dermatol 1989; 120: 582) 
concerning drug interactions with methotrexate, resulting in bone marrow failure. We have recently seena 
patient who presented with Pneumocystis carinii pneumonia as a result of lymphopenia while on low-dose 
methotrexate.’ She was also taking a non-steroidal anti-inflammatory drug (NSAID) and this was felt to be 
contributory to the methotrexate toxicity. 

A 16-year-old girl, weight 38 kg, with long-standing and extensive cutaneous psoriasis complicated by 
arthropathy and unresponsive to several systemic therapies, was commenced on oral methotrexate 5 mg/ 
week, gradually increasing to 10 mg/week over a period of 4 months, Subsequent control of her psoriasis 
was excellent and routine blood counts satisfactory. After a further 6 months the patient developed oral 
ulcers, epistaxes and a pancytopenia: leukocytes 1-1 x 10°/1 (4-10), 70% neutrophils, 21%, lymphocytes; 
platelets 48 x 10°/1 (150-400); haemoglobin 7-2 g/dl (12-16), RBC 2°84 x 10!2/1 (4-6-5) with normal 
indices. The serum IgG was reduced at 3-3 g/l (normal range 6-16 g/l) with other immunoglobulins and 
liver function tests normal and the serum creatinine was 50 umol/i. Concurrent medication was ibuprofen 
600 mg b.d. and prednisolone 1 mg/day, with the doses unchanged over the previous 12 months. Despite 
immediately stopping the methotrexate, the patient was admitted 1 week later with acute respiratory 
failure necessitating a tracheotomy and ventilation for a week. Bronchoalveolar lavage identified 
Pneumocystis carinii and the patient responded satisfactorily to high dose intravenous co-trimoxazole. The 
pancytopenia was recovering by the time of her admission with acute pneumonia. Subsequently the 
immunoglobulins, full blood count and peripheral lymphocyte subsets returned to normal despite 
containing the ibuprofen and prednisolone. 

Pneumocystis carinii pneumonia as a consequence of low-dose methotrexate has been described in one 
other patient being treated for rheumatoid disease.’ The low weight of the patient and the concomitant 
NSAID therapy, with its potential to reduce renal excretion, were considered to predispose her to 
methotrexate toxicity, that resulted in a near-fatal pneumonia. 

We draw attention to this case to heighten awareness of the capacity of low-dose methotrexate to produce 
toxic effects on the bone marrow. We strongly reinforce the recent recommendations that full blood count 
should be monitored monthly in those receiving low-dose methotrexate,’ especially when predisposed to 
toxicity by concurrent NSAID therapy. Patients should be warned of the symptoms of marrow failure 
when commenced on methotrexate, to minimize the risks of morbidity and possible mortality from this 
therapy. 


The Skin Hospital, A.J.CARMICHAEL 
35 George Road, K.S.RYATT 
Edgbaston, 
Birmingham B15 IPR, 
U.K. 

REFERENCES 


1 Wallis PJW, Ryatt KS, Constable TJ. Pneumocystis carinii pneumonia complicating low dose methotrexate treatment 
for psoriatic arthropathy. Ann Rheum Dis 1989; 48: 247-9. 

2 Perruquet JL, Harrington TM, Davis DE. Pneumocystis carinii pneumonia following methotrexate therapy for 
rheumatoid arthritis. Arthritis Rheum 1983; 26: 1291-2. 

3 Roenigk HH, Auerbach R, Maibach HI, Weinstein GD. Methotrexate in psoriasis: Revised guidelines. J Am Acad 
Dermatol 1988; 19: 145~56. 


291 


British Journal of Dermatology (7.990% 122, 292. 


Book Review 


Mycobacterial Skin Disease. Ecited by M.HarsHar c1989). Part of general series New Clinical 
Applications in Dermatology. Editer J. VerBov. Dodrecht/3ostom Londor: Kluwer Academic Publica- 


tions. Pp. 142. Illustrations 42 black and white. ISB o-7262-01rg-2. Price £30.00. 








The similarity between man and the nine-banded armaedilie may notimmeciately spring to mind but Homo 
sapiens and his thick-skinned distantanimal relation share the dubicus distinction of being tae only natural 
hosts of Mycobacterium leprae, the causa‘ive organism of leprosy. This fact along with full clinical and 
pathological accounts of all the mycobacterial skim diseases are cortaineé within this useful publication. 

The stated general aim of this series is ‘to focus oa developments in medicane which are now reaching the 
stage where they can be put into reutine, daily dimai use.’ The most recent advances in the ancient 
diseases of tuberculosis and leprosy have been in the developmen: of practical, effective and shortened 
therapeutic regimens which have lec to the taming of these once rampani conditions. These are clearly 
explained within the chapters dedicated to the clinical aspects of the twe conditions, and include the 
recently introduced quadruple-agent therapy of tuberculosis and illustrations of specially designed 
calendar-blister packs for the administration cf long-term ana-leprosy treatment which would bea boon to 
most clinicians trying to explain the complexities of toese regimens. One significant omission however is 
the lack of information concerning the avcidance, devectior and management of side-effects from anti- 
mycobacterial drugs, essential for cliniciams dealing wich patients on a day to day basis. 

The bacteriology, immunology and climeal features are we | documented and the photographs, although 
printed in black and white, convey the impertani physical signs. The photomicrographs are less clear 
however and this is disappointing in a book of this price, Useful chapters looking at the atypical 
mycobacterial skin diseases contain both zood clinics! and bacteriological advice. 

The general arrangement of the chapters is logical but perhaps a little artificial, dividing the 
bacteriological and immunological aspects from the climical features and necessitating a quick flick of pages 
if the reader wishes to digest a subject in its entirety. This is aowever a miner quibble and dermatologists 
will find this a useful publication when faced with thesesanuswal cases. A personal copy woud, I think bea 
little extravagant but I would recommmene this pubdlicesion ss a useful addition to most medical libraries 
where its contents would be of interest <0 bacteriolegists and intectious disease physicians as well as 
dermatologists. 





R.E.A.WILLIAMS 
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and non-nickel-sensitive subjects by an 
in vitro lymphocyte transformation test 
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SUMMARY 


A lymphocyte transformation test (LTT) was able to distinguish between nickel-sensitive 
subjects and non-nickel-sensitive controls. Sixty-one out of 66 (92%, ) nickel-sensitive subjects 
had positive stimulation indices in 6- and/or 7-day assays using 5 ug/ml of nickel sulphate, 
whereas none of the 43 controls gave positive results. Stimulation indices were not enhanced by 
the patch testing of subjects to nickel before performing the LTT. A weak correlation was seen 
between the results of the LTT and the macroscopic degree of patch-test reactivity. The 
concentration of nickel sulphate used (5 ug/ml) did not have a significant non-specific mitogenic 
effect. 


Nickel is the commonest cause of allergic contact dermatitis in the UK.'* Sensitivity to nickel is 
established at present by epicutaneous patch testing using 5% nickel sulphate in petrolatum. 
Patch testing rarely causes sensitization, but occasionally results in false positive and negative 
reactions, or the aggravation of existing dermatitis.’ It is sometimes difficult to distinguish an 
irritant reaction from a true allergic response, and patients need to attend on three separate 
occasions. 

Many authors*~? have reported the use of in vitro lymphocyte transformation tests (LTT) to 
discriminate between nickel-sensitive subjects and non-sensitive controls. Results have been 
variable and false positive reactions common. However, some of these false positive results? may 
have resulted from a non-specific mitogenic effect of nickel sulphate at higher concentrations. 78 
Twenty-three out of 25 nickel-sensitive subjects were detected using an LTT, whereas none of 
the 10 controls were positive. Al-Tawil et al.° described a set of criteria for detecting nickel 
sensitivity im vitro which required different nickel sulphate concentrations and direct 


-= Correspondence: Professor J.A.A-Hunter, University Department of Dermatology, Royal Infirmary, Edinburgh 
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comparisons with lymphocytes obtair.ed from controls. They obta:ned positive results in 15 out 
of 16 nickel-sensitive subjects ard in none of nine controls. 

We have used 6- and 7-day LT Ts to compare tae response of lymphocytes taken from nickel 
patch test-positive subjects and trom non-nicke/-sensitive controls. 





METHODS 


Subjects 

Sixty-six subjects (53 female, eight male; mean age 33 years) had positive allergic patch-test 
reactions to 5%; nickel sulphate “NiS2, 7H ,)) im petrolatum. Patch tests were read at 48 and 
120 h. Reactions were scored for their severity on the scale aceording to Wilkinson et al. 1° (— no 
reaction, +? doubtful, + weak, + + strong, + + + extreme). 
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Controls 

Forty-three controls ‘32 female, 11 male; mean age 35°7 years) were studied. Thirty-seven were 
healthy volunteers who had no histcry of metal contact reactions: six controls (C1-6) were 
subjects attending the patch test clinic with histories suggesting nickel sensitivity, ut who were 
negative on patch testing. 


Tissue culture medium (TCM) 

To RPMI 1640 medium was added 190 IU/ml penicillin, roo ug/ul streptomycin, 2 mmol/l L- 
glutamine, 0-08°% sodium bicarbenat2 (Gibce, Paisley), and 2 x 107 > mol/l 2-mercaptoethanol 
(Sigma Chemicals, Dorset). 


Stimulants 

Concanavalin A (Con A), (Sigma Chemicals) was used at a final concentration of 10 pg/ml. A 1% 
nickel sulphate (NiSO, 7H,@> (Analar, BDH Chemicals, Glasgow) solution was prepared in 
physiological saline, sterilized anc stored at 4°C. The final concentrations ranged between o and 
zo ug/ml of nickel sulphate. 


Isolation of lymphocytes 

Blood (20 ml), obtained by venepancture and mixed with heparin {10 IU/ml), was layered onto 
lymphocyte separation medium (Flow Laboratories, Herts) and centrifuged (409 g, 20 min, 
room temperature). The separated plasma was added to TCM to give a final concentration of 
15% (TCM-P). The mononuclear cells (PBM) were washed in PBS, then resuspended at a 
concentration of 10°/ml in TCM -P. 


The lymphocyte transformation test (LIT: 
Cells were stimulated by the addition ef either 10 pg/ml of Con A or 0-20 ug/ml of NiSOy,. Cells 
(2 x 10°) were incubated in a round-bottomed Limbro tissue culture plate (Flow Laboratories, 
Herts) in 200 ul of TCM-P. Celis were cultureda: 37°C in an atmosphere containing 5°% CO, 
for a total of 6 or 7 days. 

Lymphocyte transformation was measured by the incorporation of 3H-thymidine. Radiolabel 
(1 uCi) was added to the cells for the fimal 18 hours of culture. Cells were harvested onto Skatron 
filter discs using a MASH II harvester and the incorporated gadioactivity was measured using a 
liquid scintillation counter. Proliferation was expressed as the mean counts per min 
(cpm) + standard deviation for quadruplicate cultures, amd stimulation indices (SI) were 
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calculated (cells + stimulant (cpm)/cells alone (cpm)). SI 23:0 were considered to indicate 
nickel sensitivity. 


RESULTS 


Detection of nickel sensitivity using the LTT 

The 6-day LTT was used to obtain dose-response curves using 0-20 ug/ml of nickel sulphate 
for 66 nickel-sensitive subjects and 43 controls. Nickel sulphate concentrations greater than 30 
ug/ml had previously been shown to be toxic to the cells (data not shown). Fifty-six of the nickel- 
sensitive subjects and all controls were also studied in the 7-day LTT. 

Representative results from four nickel-sensitive subjects and four controls in a 6-day assay 
are shown in Figure 1. One control showed a large response against 20 ug/ml of NiSO,, 
indicating a mitogenic effect by the NiSO, at this concentration. Similar results were obtained 
in the 7-day assay. Using the criterion of SI >3 indicating a positive result, 13 of the controls 
were positive using 20 g/ml NiSO, and five controls were positive when 10 ug/ml NiSO, was 
used (data not shown). 

As expected, there were no statistical differences in the proliferation of unstimulated cells or 
of cells stimulated with the mitogen Con A, when comparing the uptake of 9>H-thymidine into 
cells taken from nickel-sensitive subjects and from controls (data not shown). 

Figure 2 shows the SI (median + interquartile range) obtained using 5 ug/ml of NiSO, for the 
43 controls and all of the nickel-sensitive subjects whose patch-test results were known. 
Excluded from this figure are the SI of three patch-test positive patients where the patch-test 
score was unknown. The SI were > 3-0 for 56/66 nickel-sensitive subjects in the 6-day assay. Six 
sensitive subjects were positive only in the 7-day assay; and two subjects only in the 6-day assay. 
Together, the 6- and 7-day assay gave positive results for 61 out of 66 (92% ,) of the nickel- 
sensitive subjects. Using the criterion of SI > 3-0, none of the controls were positive in either the 
6- or 7-day assay. 

Five nickel-sensitive subjects were not detected by the two assays. Four of these subjects 
reported reactions to cheap jewellery. Three of these individuals had weak positive (+) patch- 
test reactions to nickel sulphate. Only one subject had an extreme (+ + +) patch-test reaction. 
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FIGURE 1. Nickel sulphate dose-response curves in 6-day assay: PBM from nickel-sensitive patients 
( X PBM from non-sensitized controls (~ - -). 
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FIGURE 2. Patient stimulation indices cbtained with 5 pg/ml NiSO, and patch-test results (median + 
interquartile range): 6-day LTT (9); 7-day LTT (Sx Patch test positive but score unknown, n= 3. 


Failure to detect this subject in the 7-day assay may have resulted from an abnormally high 
background incorporation of *H-chymaidine (14 000 cpm). Significant differences between cells 
from nickel-sensitive subjects and controls were obtained for nickel sulphate concentrations 
between 2:5 and 20 pg/ml (P < 0-001; Student’s ¢-test) in both the 6- and 7-day assays. 


LTT results are not enhanced by patch testing 
Blood samples were taken from most subjects when they attended the patch-test clinic for their 
second reading (at 120 hours). To-ensare that thepatch testing itself did not enhance the ETI, 
blood was obtained from six subjects inmediately >efore patch-test application and again when 
they attended the clinic for their second reading. 

The SI obtained are shown in Figure 3. Results btained pre- and post-patch testing were not 
significantly different using Wilcexon’s Rank Sum Test. 
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FIGURE 3. Stimulation indices before and after patch testing. 
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Correlation between patch test and LTT results 

Having established that the LTT is capable of detecting the majority of nickel-sensitive 
subjects, the Wilcoxon’s Rank Sum test was used to evaluate the correlation between patch-test 
scores and the SI obtained using 5 ug/ml NiSO,. Correlation coefficients of 0-38 and 0-33 were 
obtained for patch-test scores with 6 and 7-day LTT results, respectively, indicating that the 
correlation between the grade of patch-test positivity and size of SI was weak. 


DISCUSSION 


The LTT with nickel sulphate was first described in 1970.* Since then, the ability of the LTT to 
detect nickel sensitivity has been variable. Two studies®® described assay methods detecting at 
least 92% patch-test positive subjects with no false positive results. However, using a simple 
method which would be suitable for routine use, we have studied a larger number of patients and 
controls, Five nickel-sensitive subjects were not detected in our assay; three of these had had 
very weak positive patch-test reactions which may have been irritant in nature. It is also possible 
that the cells obtained from these individuals may have contained insufficient numbers of 
circulating dendritic cells. The addition of either enriched blood dendritic cells or Langerhans 
cells to the patients’ T cells may have stimulated nickel-specific proliferation. ! 

No false positive results were obtained using the assay. Technical differences, for example the 
density media used to isolate the PBM’'?, may contribute to the differences between our results 
and those reported previously. Furthermore, concentrations of NiSO, greater than 5 ug/ml 
were found to stimulate cells from certain non-sensitized individuals. These higher concentra- 
tions may have contributed to the false positive results in a study using 32:3 uM (approximately 
10 g/ml) in most of the assays.’ A further ‘blind’ prospective study using cells from similar 
numbers of patients and controls before patch testing will indicate whether the assay can replace 
patch testing effectively. 

It is unlikely that patch testing enhanced the LTT results. In nickel-sensitive subjects, 
similar results were obtained in LTTs performed either 5 days after patch-test application or 
immediately before patch testing. This contrasts with the findings of Al-Tawil et al.'* who 
showed that the SI from the cells of two sensitive subjects increased 2 and 7 days after patch 
testing and then began to decrease (14 days). 

The correlation between patch-test results and SI in the LTT was weak with correlation 
coefficients of 0-38 and 0-33 for the 6- and 7-day assays. A weak correlation was also shown by 
Al-Tawil et al.,'* in studies comparing LTT results with a serial dilution patch test. They 
suggested that patch-test reactions could result from mechanisms other than those mediated by 
antigen-specific T cells, such as the release by mast cells of vasoactive amines. Others have 
suggested that negative im vitro reactions may occur if nickel-specific cells are retained at a 
particular anatomical site, but in our view this is unlikely. | 

False positive patch-test reactions of an irritant nature may occur with several potential 
allergens including nickel, and are sometimes observed in atopic subjects.° It is not always easy 
to distinguish an irritant from a true allergic reaction from the appearance of a patch test. Apart 
from the complication of false positive or negative reactions, patch testing may induce adverse 
reactions that include active sensitization, ‘the angry back syndrome’, alterations in skin 
pigmentation and reactivation of dermatitis. The use of an in vitro method to detect nickel 
sensitivity overcomes these difficulties. Furthermore, a patient needs to attend the hospital only 
once instead of three times. We have shown that the employment of a 6- and 7-day LTT using 
§ ug/ml NiSO, (with an SI > 3-0) will establish nickel sensitivity as efficiently as patch testing 
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in at least 90°, of cases without the complicatior of false negative or false positive results due 
to toxic or mitogenic effects. The developmen: of similar assays for other allergens could 
eventually replace patch testing. at least for the most common substances. 
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SUMMARY 


Oral challenge with nickel sulphate indicated that vesicular hand eczema in nickel-sensitive 
patients may be exacerbated by nickel occurring naturally in the diet. Twelve nickel-sensitive 
females with vesicular hand eczema were challenged with a supplementary high nickel diet for 4 
days in a single-blind cross-over study. The diet had about five times the average nickel content 
of the daily Danish diet. An aggravation of the hand eczema was observed in six out of 12 
patients on day 4 after the start of the challenge. By day 11, the hand eczema was worse in 10 out 
of 12 patients, and remained unchanged in two. 


‘The prevalence of nickel sensitivity is about 8-145% for adult women and about 1°, for men as 
evaluated by patch testing or history in the United States, Finland and Denmark.'~5 The 
incidence of nickel sensitivity has doubled in all age groups from 1948 to 1973° and about half 
the women have hand eczema, 13576 

An oral dose of §-6 mg of nickel in a double-blind study produced an exacerbation in nine out 
of 12 subjects with hand eczema of the pompholyx type, with none reacting to the placebo.” In 
contrast, handling of nickel-containing metal objects did not induce eczema, indicating that the 
ingestion of nickel was of greater importance.’ This was confirmed in subsequent studies using 
doses of 2:5-56 mg,°"'' though other studies showed no exacerbation following oral 
provocation using 2-5 mg or lower doses.'*-!* The latter studies were double-blind with weeks 
of nickel supplementation and weeks on placebo, randomly following each other. However, 
evaluation of the eczema status was performed within less than 3 days after exposure. The dose 
of nickel given in these studies was at or above the normal daily intake of 100-300 ug/day!5-17 
and up to 900 pg/day in extreme situations.’ A diet high in nickel often includes cocoa or 
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chocolate, soya beans or other dried legumes, d-ferent types of muts (walnuts, aimonds, hazel 
nuts), and oat meal. These foodstuffs all have a nickel content higher than about 1 ug/g wet 
weight.!7-'® 

In this study we investigated wheter oral intese of nicke naturally occurring in the diet can 
aggravate vesicular hand eczeme in aickel-a Jergic patients. 


METHODS 

Patients 

Fifteen nickel-allergic patients were selected usizg the following :nclusion criteria: a history of 
dermatitis from skin contact wrth ‘white meta” objects; a positive patch test to 5% nickel 
sulphate in petrolatum within the las: 2 years; present vesicular hand eczema of the pompholyx 
type; and, no history or clinical signs of atcpac dermatitis. Patients with irritant contact 
dermatitis were excluded. All the patients were patch tested wah the International Contact 
Dermatitis Research Group (ICDRG) standard series of ccntact allergens (TROLAB) 
including nickel sulphate 5°,. Where patch tests had been carried out more than 2 years 
previously, the patients were testec for confirmation after termination of the study. Finn 
Chambers (Epitest Ltd, Helsinki, Finland) on Scanpor (Norgesplaster A/S, Oslo, Norway) 
were used. The patches were applied for 48 h and read at 72 h according to the ICDRG 
recommendations.'® Reactions + to + + + were recorded in all patients. Three af the patients 
had positive reactions to cobalt. one to formaliz and one to neomycin. Three patients were 
excluded during the study: two because of disease not related to zhe study and one because of 
failure in follow-up. The age range of the 12 patients who completed the study was 21-64 years, 
median 35 years. The duration of their vesicular kand eczeme was 1-13 years, witha median of 5 
years. In all, the eczema was lovatec on the fingers and in 10 the palms were also involved. 
During the study, the patients were allowed te use topical steroid preparations andian emollient. 
Three patients (Nos 1, 3, 8) had seme years ago been treated with d:sulfiram because of extensive 
eczema.”° They had responded well {o this treatment, but the drug was withdrawn because of 
hepatotoxicity in two patients. 








Supplementary diet 

The supplementary diet was prepared from the following food items (the nicke. content was 
calculated from published values'’ and is givem in square brackets): 100 g oatmeal [176 ug 
Ni/day]; soya bean stew (100 g soya beans, 90 g carrots and 8c g leeks) [§32-< yg Ni/day]; 
chocolate cake (39 g wheat flour, 29 g margarine, %9 g sugar, 29 g egg, 13 g milk, 13 g cocoa, 1:3 g 
baking powder) [150°6 ug Ni;day]. The diet comtained 6151 kJ/day (1469 kcal day), and the 
calculated energy distribution” 7? was as follows: fat 40°,,, carbohydrates 43°,, drotein 18%. 
All foods were bought simultaneously in the same store with the same production-date for each 
type of food. The oat meal and soya beans were thoroughly mized before use +o ensure the 
highest degree of homogeneity. Sampies of each tvpe of food were enalysed for nickel content by 
the National Food Agency, Søborg, Denmark. The samples were pretreated in a Berghuf 
pressure digestion system. The micke content in che sample was determined by electrothermal 
atomic absorption spectroscopy (Perkin-Elmer 3030 with Zeeman backgrounc correction). 
Contents were estimated by the standard addities method (adding 50°, and 100°, of expected 
contents). The detection limit, estimazed as three umes the variation of the blank, was 0-10 ug/g. 
For every five samples, blanks and standard reference material were determined. The nickel 
concentration in NBS 1571 Orchard Leaves was found to be 1:17 +008 ug/g (certified value 
1-3 40-2 pg/g). 
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Urine samples 

Twelve-hour urine samples were collected directly in acid-washed wide-mouth polyethylene 
bottles with screw-caps (2000 ml). The samples were pretreated and analysed according to the 
method described by Sunderman et al.?’ The equipment used was a Perkin-Elmer model 5100 
atomic absorption spectrometer with a Zeeman background correction, an HGA~600 graphite 
furnace and an AS-6o autosampler. The concentration of nickel in the urine was determined by 
using the method of standard addition. The samples were mixed in a 1:1 ratio with standards 
consisting of Triton X-100 (0°5 g/l), nitric acid (0-1 mol/l) and nickel chloride (0, 5, 10 and 
15 ug/l, respectively) in water from a Millipore Q system. The detection limit estimated as three 
times the variation of the blank was 0-55 ug/l. The total analytical imprecision in nine 
determinations was estimated to be 12°6%, 90% and 4-6% at urine levels of 2:5, 3-5 and 8-5 
ug/l, respectively. The accuracy of the nickel determinations was ensured using Lanonorm® 
Metalle 1 (Behringwerke AG, Marburg, W.Germany) as a quality control. The average nickel 
concentration in Lanonorm® Metalle 1 was found to be 3:53 + o'r ug/l! (assigned nickel value, 
3:4+0°6 ugji). The urine creatinine was determined by the conventional Jaffé-reaction on an 
Auto Analyzer IT (Technicon). 


Design 

The study design is shown in Figure 1. All patients went through a preliminary examination 14 
days before the start of the study. The patients were randomized using random numbers,** 
where even and uneven numbers referred to the two groups. After the initial observation period 
of at least 14 days, one group was given the supplementary diet for 5 days of the first week, after 
which they resumed their normal dietary habits during the second week. The other group 
continued their normal diet during the first week and were given the supplementary diet for 5 
days of the second week. The patients were examined on the first and fifth days of both weeks 
and on the fifth day of the third week. This ensured the examination of all the patients on days 14 
or 21 before start of provocation with the supplementary diet and on days o, 4 and 11 after start 
of the provocation period, while challenge lasted from day o to day 4. Four patients (Nos 2, 3,7 
and 11) were not able to eat the total amount of the supplementary diet. Urine samples were 
collected over a 12-hour period from all the patients during both weeks of challenge. 
Accordingly, urine collection proceeded as follows. Group 1: nights before days 0, 4, 7 and II. 
Group 2: nights before days —7, ~ 3,0 and 4. The activity of the hand eczema was assessed as 
follows: (a) The patient’s subjective evaluation using a linear scale from no eczema (Oo mm) to 
severe eczema (120 mm). (b) The number of vesicles in a defined area of the palm of the hand 
with the highest number of vesicles at the first examination (Fig. 2). When vesicles were present 
on the fingers, the one with the highest number was also counted, (c) Clinical description of the 


Group | Challenge 

ee — ee ee a 
-14 days O 4 7 { 18 

Group 2 Challenge 
~2\ days -7 -3 O 4 1 


FIGURE 1. Study design for the single bbnd cross-over study with 12 patients randomly divided into two 
groups Examinanons of all patients were performed 2-3 weeks before challenge, and on days o, 4and II. 
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FIGURE 2. Tempiate wich markings ~eferrimg to the lines of the hand. 


eczema. From these descriptions, the eczema was retrespectively classified into eight classes of 
increasing severity. All assessments were performed by the same dermatologist (LVJ) who was 
unaware of the patient’s diet. 

The studies were carried out in accerdance with the Helsinki convention and notified to the 
Scientific Ethical Committee for Vej e and Funen counties 


RESUITS 


The nickel content of the supplementary diet, both the amount calculated from literature 
sources and the much lower content .ndicated b7 the chemical analysis are shown in Table 1. 

Six patients were challenged during the first week cf the study and the other six during the 
second week. The urinary nickel excretion increased in all patients, including four patients who 
were unable to eat the whole dict. This increase averaged about fourfold from day o (median, 
0°73 wg Ni/g creatinine; range < 0:43-3:15 42 Ni g creatinine) to day 4 (median, 2°78 ug Ni/g 
creatinine; range 1:19-6:33 ug N’/g cceatinine) (F = 0-002, Wilcoxon test). Table 2 shows the 


TABLE t. Nickel content mg day of upplementarr det 











Ni Analysed Ca culated 
Oatmeal ( 100 g) 10 #3:9+46 176 
Soya bean stew 9 3k46 +701 6324 
Chocolate cake to F31 +209 150°6 


Total 491°5 Sse 
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FIGURE 3. Urinary nickel excretion in each cf the 12 patents on days:o (W) and 4 (@). * Unable to eat the 
whole diet. 
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* Poco (Frednen test). 
+ Unable to eat the whole diet. 
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urinary nickel excretion in ug Ni and ug Ni/g creatinine. The results can be converted from yg 
Ni/g creatinine to umol Ni/mol creatinine by multiplying by 1-93. Figure 3 shows the urinary 
nickel excretion on days o and 4 for each of the 12 patients. 

Table 3 shows the patients’ evaluation of eczema status. On day 4, eight patients indicated 
aggravation and four improvement. All patients were worse by day 11. No significant difference 
in the degree of eczema was seen from day — 14/21 to day o and from day o to day 4. However, 
the worsening of the eczema from day o to day 11 was highly significant (P=o0-o1, Friedman 
test). 

The number of vesicles counted are shown in Table 4. In one case, the hand with the highest 
number of vesicles changed from the left to right after which both were counted. In some cases it 
was impossible to count the number of vesicles and these are indicated in the Table. In six of the 
patients, the number of vesicles increased by day 4, in two they decreased and in four the 
number was unchanged. On day 11, the vesicle counts were greater in 10 patients and lower in 


TABLE 4. The number of vesicles in a defined area of 
the pelm of the hand with the highest acuvity in eczema 


14 or 21 days 
before start Dayo Day4 Day 11* 


I 35 85 80 45 
fi + + + + 
at o O I5 I5 
f: oOo fe) o) a) 
3t o ° O o 
f: 30 o O I0 
4 30 35 40 50 
f: 15 3 1§ 15 
b 25 40 25 20 
f: + O 4 + (10) 
6 20 (2) 2 I5 
f: 25 0 45 Oo 
7t 15 o o o 
f. o O o 8 
8 30 35 40 45 
f: so 50 many many 
9 L: 65 20 as 75 
R: 45 80 
f: 20 © 3 5 
10 40 o) fo) 20 
f: II O O ° 
tit 20 50 80 85 
f: 20 80 100 100 
la o O Q o 
f: o o) © many 


L, left palm; R, right palm; f, finger. 
many, Impossible to count as too'close together. 
+, impossible to count due to weepmg eczema and 


* Pm o-03 (Friedman test). 
+ Unable to eat the whole diet. 
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patients wno ingested « nickel-rich diet on 
days 2-4 
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Day 4 G T 5 
Day 11* a rz 








*P= coe! (Fredman test). 
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No change 
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FIGURE 4. Concensus evaluation ef eczema status @ = patiemt: Ø = vesides; @ = dermatwlogist. 


two patients. However in the twa latter patients, the eczema may have worsenec; in the case of 
patient § the vesicles could not 5e counted due +o scratching, and in patient 1 the skin of the 
hands was atrophied after many years of treatment with focal steroids, and deep fissures were 
present. No change was seen from day 14/21 before start of challenge to day o and from day o to 
day 4, but there was a significant worsening from day o to day 11 GP = 0:03, Friedman test). 
Table 5 shows the evaluation ty the dermatolezist en a scale fronro to 7, with o indicating no 
eczema and 7 indicating severe eczema. No change was observed fram day 14/21 before start of 
challenge to day o and from dzy o to day 4, whereas a worsening was observed at day II 
(P=o0-o0o1 Friedman test). The evaluation of the eczema for each of the 12 patieats is shown in 
Figure 4. On day 4 after challenge, the eczema ir3ix patients was considered to have worsened, 
and by day 11, 10 of the 12 patier.ts were definitely worse. The remaining two were subjectively 
worse and were evaluated as suca by the dermatologist, but the number of vesicles was lower. 


DISCUSSION 


The discrepancy between the calculated and analysed nicke! content of the dietary supplement 
is most likely due to the recent improved technelegy using atomic absorption spectrometry and 
to less contamination in the laboratory. The observed fourfold increase in nickel excretion after 


Oral challenge in nickel-sensitive patients 307 


provocation corresponds well to the estimated four- to fivefold increase in dietary nickel intake. 
Assuming that this increase is about 400 ug Ni/day, that physiological variations in nickel 
excretion are minimal, and that all absorbed nickel is excreted in the urine within 1-2 days, then 
the intestinal nickel absorption is calculated to be about 1%. This compares well with the 
findings in other studies of nickel absorption when it is added to food.?> | 

Two major conclusions can be drawn from the results shown in Tables 3-5. Firstly, a diet 
naturally high in nickel can result in a worsening of hand eczema in nickel-allergic patients. This 
observation is in agreement with most results obtained using oral doses of 2-5-5-6 mg inorganic 
nickel.°-'* However, the doses of nickel, given as sulphate, were several-fold higher than those 
used in this study. As they were given between meals, it is probable that they were absorbed 
better.?° The particular form of nickel in food, or the intake of the supplementary diet every day 
for four days, may be of importance for the aggravation of the eczema as seen in this study. 
Although other compounds contained in the supplementary diet might have caused the 
exacerbation, it is probable that the nickel was responsible. The second finding of importance is 
that the hand eczema was worse by day 11 and that no significant change was seen on day 4. This 
late reaction may explain why some double-blind studies'*-!* did not find any change during 3 
days of observation. 

Our results support the suggestion that a diet low in nickel is beneficial in the treatment of 
patients with vesicular hand dermatitis and nickel allergy.*-?°?” However, the low nickel diet 
used in previous studies included almonds, oatmeal and dried legumes which have been shown 
to have a high nickel content. 1878 

The response to oral intake of inorganic nickel may not be uniform and hyposensitization may 
occur. In two controlled studies,” patients with contact allergy to nickel were given oral 
nickel to hyposensitize them. Inorganic nickel in doses of 5-0 mg taken once a week for 6 weeks 
significantly lowered the degree of contact allergy, as measured by patch-test reactions before 
and after nickel administration, but 0-5 mg nickel daily did not have any influence on the degree 
of contact allergy.’ Adaptation to oral doses of 2:24 mg inorganic nickel occurred after the 
patients were given gradually increasing daily doses over 3 months.3° From our present study, 
we recommend that nickel-allergic patients with severe vesicular hand eczema should have their 
nickel intake lowered and the patients should be given appropriate dietary advice. 
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SUMMARY 


The relationship between HLA antigens (A, B, C and DR) and nickel contact sensitivity was 
examined in $4 patients with contact allergy, as confirmed by an unequivocal positive patch-test 
reaction only to nickel. A control group was 320 healthy blood donors from the same 
geographical area as the patients. The HLA-A, B, Cand DR antigens were typed using standard 
serological methods. HLA typing revealed a significant increase of HLA-DRwé6 antigen in the 
patient group (corrected P < 0-025) and the relative risk for patients with DRwé6 to develop 
nickel sensitivity was 3°32. 


Nickel contact sensitivity is a classical form of delayed hypersensitivity, particularly in women 
and usually produces a chronic eczematous eruption at the sites of metal contact and/or on the 
hands. 

Allergic contact dermatitis is an inflammatory reaction mediated by type IV hypersensitivity. 
In guinea-pigs and mice, the genes that control the delayed hypersensitivity reactions have been 
shown to be in linkage with those of the major histocompatibility antigens.'~* The immune 
response genes (Ia) of mice have their homologues in the human HLA-DR locus. The DR 
antigens are found only on cells capable of eliciting the mixed lymphocyte culture reaction‘ and, 
in the normal epidermis, only the Langerhans cells have HLA-DR antigens on their surface.°° 
The HLA-DR antigens of Langerhans cells play a role in their antigen-presenting capacity’ 
and, since these cells are involved in cell-mediated immune reactions, it may be possible to show 
linkage between the HLA-DR system and allergic contact dermatitis. 

Several attempts have been made to establish linkage between HLA typing and nickel contact 
sensitivity in human beings, with conflicting results. In a preliminary study in which HLA was 
typed for A and B locus antigens, in a series of Swedish patients® it was suggested there was an 
association of HLA-B7 with nickel allergy, but the result was not corrected for the number of 
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antigens. Further studies in Sweden” and in a twin-and-patient popu'ation group in Denmark!° 
failed to demonstrate such an association between nickel allergy and HLA antigens of the A and 
B loci. In contrast, a British study of HLA-A ard B antigens,'’ found an increased antigen 
frequency of HLA-B21 in a population of 39 mick4-semsitive fema’ es, but the relative risk (RR) 
for their patients was not estimated. A Norweg.ar. study!" showed no association between 
HLA-A, B, Cand DR antigens and nickel sensitivicy Æ similar lack oZ association was found ina 
Finnish study'* between HLA-A, B, © and D #mtigens and a pcpalation of atopic and non- 
atopic nickel contact dermatitis patients. A Britis. scudy!* in whick HLA was typed for A, B 
and DR locus antigens, showed that E35 and Buzz antigen frequencies and RR values were 
increased in 26 nickel-sensitive females in the Yerkshire region. In the same patient population 
the frequency of DR2 and DRwé6 were increased but not toa significant degree. A study of the 
frequencies of HLA-A, B and DR entigers in 67 British patiemts with multiple-contact 
allergies'* failed to show any significant HLA associations, although there was an increased 
frequency of DR4 in a subset of 36 patients who included nickel as one of their sensitivities, and 
an increased frequency of DRwé6 in a subgroup o? 20 patients sensitive to nickel alone. 

To our knowledge, this is the first Italian study which has investigeted a possible relationship 
of the HLA-A, B, C and DR locas antigens with nickel conzact sensitivity. 





METHODS 


Patients 

Fifty-four patients with nickel contact dermatitis were selected from those seen from November 
1987 to November 1988. The clinical diagnosis əf contact allergy was confirmed by an 
unequivocal positive patch test only to nickel when the patients were tested with a standard 
series of 27 allergens. The epicutaneous tests were carried out:using Finn Chambers which were 
applied to the patient’s back for 48 h. Only unequivocal positive tess were accepted and all were 
judged to be clinically relevant. The tests were read 48-96 h after application. The clinical 
aspects of contact dermatitis in our patients were aeczematous reactions at sites of metal contact 
in 34 patients, and the other 20 patients had handeczema. Of cur $4 patients, 50 were female and 
four male, their ages varied from : 4 te §§ years (mzaz 26 years) and all lived in the same area in 
northern Italy. The control group consisted of 320 healthy unrelated blood donors, of both 
sexes who were not patch tested, but had no past. o> present personal history of atopy or contact 
dermatitis and were from the same geographical area. Patients with positive patch-test reactions 
to other allergens in addition to nickel were excluded, as were patiemts with diabetes mellitus, 
psoriasis, lichen planus,'® dermatitis herpetiformis and patients with past or present atopy 
(atopic dermatitis, allergic rhinitis and allergic asthma). 


HLA typing 

HLA typing was performed using the conventicnel NIH two-step complement-dependent 
microlymphocytotoxicity test en peritumoral lyrnapaccytes or B-enriched lymphocyte prep- 
arations using AET-rosetting, with 150 antisera able coresolve 13 HLA-A, 25 HLA-B, 6 HLA- 


Cw and 7 HLA-DR antigens. Al) the typing was done by the same laboratory. 








Analysts of data 

The data were analysed by the chi-squared test wih Yates’ correction, to compare antigen 
frequencies in patients and control subjects. Probzbiliry (P) values were then corrected for the 
number of specificities tested.'’ The value of the-strength anc rank of association were obtained 
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by calculating the relative risk (RR), a measure of the increased risk of developing the disease 
conferred by the genetic marker, using Woolf’s method.'® 


RESULTS 


The HLA-A, B, Cand DR types are summarized in Table 1, with the calculated chi-squared, P, 
corrected P values and RR. 

There was no difference between patients and controls for the alleles at the A and C locus, 
while for the alleles at the locus B we found non-significant differences in B5 (12-96% in senna 
vs. 21:25% in controls), B13 (15-56% in patients vs. 7-24°% in controls) and in Br4 (12-96% 
patients vs. 6:25% in controls). 

However, for the DR antigens we found a significant increase in DRw6 (37-7% in patients vs. 
1§°6% in controls), with P < 0-0005 and corrected P < 0-025. The RR for patients with DRw6 of 
developing nickel contact sensitivity was 3-32. 


TABLE 1. Results of serological HLA-B and DR 

typing in nickel-sensitive patients and controls, 

The results of HLA-A and C typing have been 

omitted since there is no difference between 
patients and controls 


NALAREN AAAA RAN AAAA AAAA rae aini 


Controls Patients 

(n= 320) (n= 54) 
HLA antigens (%) (%) 
Bs 21:25 12°96 
B7 11°83 14:81 
B8 11-64 III 
B12 18-44 eae! 
Br3 724 15°56 
B14 6°25 12:96 
Brs 784 9-26 
B16 11°26 9°26 
Br7 8-60 9°26 
B18 17:02 16:67 
B2r 9°56 7-41 
B22 4°95 5:56 
B27 417 3°70 
B35 29°70 33°33 
B40 591 3°70 
DRI 16°31 16:98 
DR2 22:22 28°30 
DR3 18-02 16°98 
DR4 1217 13°21 
DR5 35°95 33°96 
DRw6 15:63 37°74* 
DR7 24°19 24°53 





* Chi-squared = 13-17, P<0-0005, corrected 
P<0-025, RR = 3-32. 
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DISCUSSION 





The aim of this study was te determine the relatiorship between HLA antigens and nickel 
contact sensitivity, and the possible risk for the dewelopment of nickel allergy. In order to 
minimize complicating factors, we used a selected population composed of non-atopic patients 


that may be associated with certain HLA antigens. Since the patch test was not performed on the 
controls, it is possible that 5%, ef the contre] greup were sensitive to nickel, as in the general 
population. However, since none cf them was atopic this small number should not have 
influenced the results of this study. 

Our study of HLA typing shews ¢ statisticall» sigme ficant increase in the frequency and RR 
values of DRwé6 antigen in nickel-sensitive patients. Our data are in partial agreement with 
previous studies,'* +? but we found mo significant association between HLA-A, B and C 
antigens and nickel contact sensitivity. 

There is evidence to suggest that HLA-ERw6 is a marker for enhanced immuno- 
responsiveness for the producvon of endothelal/menoacyte antibodies,'? the rejection of a 
kidney graft and the formation of anti-ciass 1I amtibocies after rena. transplantation,’° and the 
production of antibodies against streptococcal armcigens.*’ Oar results suggest that, in an Italian 
population, the DRw6 antigen could se a geneticmarker for the likelihood to develop sensitivity 
to nickel, and possibly other serssitivitics that may be detected in tne future. 
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SUMMARY 


Bouin-fixed paraffin sections or acetone-fixed cryostat sections were labelled with the avidin— 
biotin complex (ABC) or peroxidase—antiperoxidase (PAP) method using three monoclonal 
antibodies (MAbs) and two polyclonal antisera to human recombinant interleukin 1 beta (IL- 
1f) and three polyclonal antisera to human recombinant interleukin ra (TL-1a). In the secretory 
coil both IL-« and p were detected in the clear, but not in the dark cells. Both luminal and basal 
cells of the coiled and straight ducts expressed IL-1a and $, the IL-1 labelling being more 
intense in the luminal cells. [L-1 was not usually detected in the initial portion of the 
intracpidermal eccrine sweat duct, whereas intense labelling was seen in the upper part 
including through the stratum corneum. In skin biopsies of the palm, taken after exercise, there 
was only faint IL-1 labelling of the secretory cells, whereas the luminal cells of the dermal ducts 
showed intense labelling for both IL-1a and £. In the acrosyringium, exercise did not alter the 
pattern for [L-1a and f, except that in the palm, some of the antibodies to IL-18 produced a 
more intense immunolabelling of the acrosyringeal cells. This study identifies a distinct and 
similar distribution of the two forms of IL~1 throughout the eccrine sweat-gland apparatus and 
indicates that part of the IL-1 epidermal pool originates from the sweat. 


The two major forms of interleukin 1 are [L-1a and [L-1f.' Recent studies have shown that 
extracts from normal and diseased human epidermis contain IL-1.7-> The source of the 
epidermal IL-1 is not clear, It may be synthesized by keratinocytes and cultures of keratinocytes 
have been found to express mRNA for IL-1 and $. Western blot analysis of epidermal extracts 
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has shown that the epidermis comtairs both the 31 kDa precursor and active 17 kDa IL-1.° 
Immunohistochemical methods have revealed bota cytoplasmic and intercellular IL-1 in 
epidermal cells.™7 Other possible sources of epidecmal IL-1 include production by Langerhans 
cells,® melanocytes, and leakage from dermal cels Cibroblasts, endothelial and inflammatory 
cells) as well as production by the sweat and sebaceous glands. 

Recently it has been shown that human sweat centains both IL-1 and f as detected by 
Western blot, enzymeimmuncassay and biological activity." ° However, the cellular source(s) 
of IL-1 in the sweat are not known. The secretory ceil of the eccrine sweat gland ts involved in 
the production of a precursor sweat which is isotozic or slightly hypertonic.'':'* The secretory 
unit is made up of three cell types: clear (serous) end dark (mucous) cells which are involved in 
secretion, and myoepithelial cells which functioe as smooth muscie cells."' The clear cells 
secrete precursor sweat by the active transport of sodium into the lumen of the secretory coil, 
whereas the dark cells produce mucins. e.g. glycoprotzias, which can be found along the eccrine 
gland lumina.!'~!3 The tubul of the eccrine glands are reabsorptive segments involved in 
reabsorption of sodium and chlorides, resulting im hypetonicity of the secreted sweat.!!!? The 
cells of the intraepidermal part of the eccrine sweat g amd (the acrosyringium) are derived from 
the dermal tubular cells. 14 

In this immunohistochemice! stady «he cellular <@stridution of IL-1 in the human sweat gland 
apparatus was determined. 















METHODS 


Skin biopsies and tissue processwg 

Two or three millimetre punch biopsies were ebtamed from the skin of the back, forearm, 
abdomen and palm of healthy volunteers. The biersies were snap frozen in liquid rsopentane at 
— 50°C and stored at — 70°C until processed. Skin biopsies were obtained, following 30 min of 
exercise, from the back and palm. Cryestat sections were obtained by embedding specimens in 
Tissue-Tek OCT compound (4583 Miles Laboratories, Elkhart, IN, U.S.A.) at — 24°C and 
then fixed in acetone at — 20°C fer rc min. In addition, biopsy material was fixed in Bouin’s 
fluid for 90 min and then routinely processed to provide 4 ym paraffin sections. 


Histochemistry 
To identify the dark and clear cells of the secretory coils some of the sections were stained with 
periodic acid Schiff (PAS)-diastase, 


Antibodies 
The antibodies used are listed m Tabe 1. 


Immunoperoxidase labelling 

The immunoperoxidase labelling was performed usiag the ABC method for MAb and rabbit 
antisera and the PAP method for sheepand goat antisera (Table 1). The sections were incubated 
with the respective antibodies for betw 

were then incubated in the dark with o 025", 2.3~diammobenzidine tetrahydrochloride (DAB, 
Sigma Chemical Co., St Louis, MO, U.S.A.) anc 9-003°,, H,O, in phosphate-buffered saline 
(PBS) and counter-stained with haematoxylin. After being dehydrated with alcohol and cleared 
with xylene the sections were mounzed in Perrsoun:® (Fisher Scientific, Fair Lawn, NJ, 
U.S.A.). 
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TABLE 1, Anti-interleukin 1 antibodies used for mmmunohistochemistry 








Immunoperoxidase 

Antibody Species/jisotype  Source* Dilution method 
Anti-interlenkin 1f 

Cistron rabbit 02-1100 Rabbit Cistron I:§0-I:200 ABC} 

Cistron MAb,t 02-1025 Mouse IgM Cistron 1:36 ABC 

G MAb7 . Mouse IgGaa Glaxo 1:350 ABC 

G MAb 8 Mouse IgG2a Glaro 1:350 ABC 

Sheep $77 Sheep Glaxo 1:50 PAP§ 
And-interlenkin ra 

Cistran rabbit 02-1150 Rabbit Cistron 1:50 ABC 

Sheep 376 Sheep Giaro 1:50 PAP F 

Goat G203 Goat Glaxo 1:50 PAP 


* Cistron Technology, Pine Brook, NJ, U.S.A.; Glaxo Institute of Molecular Biology, Geneva, 
Switzerland. 

+ MAb, monoclonal antibody. 

t ABC, avidin—bicun complex, Vectestum ABC kit (rabbit IgG PK-4001; mouse IgG 
PK-4002), Vector Laboratories, Burlingame, CA, U.S.A. 

§ PAP, peroxidese-goet-anti-peroxidase complezes, Dakopatts, Copenhagen, Denmark. 


Controls 

The following controls of immunolabelling were performed: (i) The primary anti-IL-1 
antibody or antiserum was replaced by PBS ora non-relevant monoclonal antibody: anti-Leu 3a 
(Becton Dickinson, Mountain View, CA, U.S.A.), OKT6 (Ortho Diagnostic System, Raritan, 
NJ, U.S.A.), HLA-DR (Dakopatts, Copenhagen, Denmark). (ii) Tissue sections were stained 
for endogenous peroxidase activity without the antibody. (iii) For specific absorption 1 mg of 
human recombinant IL-1f was coupled to 100 ul of Sepharose beads.* Cistron rabbit 02-1100 
(500 ul) diluted 1:200 in PBS was absorbed on the beads at 37°C for 1 h following overnight 
incubation at 4°C and again at 37°C for r h under agitation; for control of the procedure, diluted 
antibody was similarly processed without human recombinant IL-1. The absorbed and the non- 
absorbed antibodies were centrifuged at 10 000 g for 30 min at 4°C prior to immunoperoxidase 
labelling. Monoclonal antibodies to IL-18 (G MAb 8) were absorbed in a similar way except 
that they were diluted 1:200 in Tris-buffered saline (TBS) containing 3% bovine serum 
albumin (BSA) and 0-5% Nonidet P40 (LK B-Produkter, Bromma, Sweden) and that 100 ug of 
human recombinant IL-1f was used. 


RESULTS 


Interleukin I immunoreactivity tn the dermal part of eccrine glands 

All the MAb and polyclonal antisera except the Cistron rabbit 02-1100 and 02-1150 showed a 
similar labelling pattern in the paraffin-embedded sections (Table 2). In the cryostat sections 
most cells of the eccrine sweat-gland coils showed faint immunolabelling with the various 
antibodies that were used (Table 3). It was not possible to distinguish between the various cell 
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TABLE 2. Interleukin 1 imsmunclabelling of eccrine sweat giands from paraffin sections* 


ete nett n a e 





Asti-interleukin 1f Anti-interleukin rx 
Cistron Cistror Cistron 
rabbit Sheep MAb Sheep Goat rabbit 
Cell type C2-1100 S77 02-1025 a MA 02-1150 
Secretory coil 
Clear cells (+) + + + i ee + + + +++ isk naar oe ~ 
Dark celis meme = = — — — = 
Myoepithelial cells ~= = _ — ~ ~ ~ ~= 
Coiled and straight duct 
Cells of inner 
(luminal) layer (+) eee + + + mok PEF s a PA a 
Cells of outer 
(basal) layer _ mioa + etot t HO + etot + UKHO ++ tO t+ s 
Acrosyringium 
Ductal cells of 
Malpighian layer 5 = + + + + + = + — 
Ductal cells of 
stratum corneum ~ fe + $ ~ + - 3 


* Labelling: —, negative; +, weak; + +, mocærate; + + +, intense; — to + +, variable. 


TABLE 3. Interleukin 1 inmmunclabellingof eexrine sweat giands from cryostat sections* 


ATANAN AANNEMEN NANANA AAEE VENRA AAEE Ena AANA AAA TAA VANAL AA NA OTTO 


Anai-interieukin gf Anti-interleukin 1 
Cistron Cistron Cistron 
rabbit Sheep MAB Sheep Goat rabbit 
Cell type 02-1100 S77 02-1025 CuitAby €& MAbs $76 203 02-1150 
Secretory coilt GE) C+) (+) (+) ce C+) (+) C 
Coiled and straight duct 
Cells of inner 
(luminal) layer oi aoa ee (+) + +4 p aa ie ae cane ae ae ae ae 
Cells of outer 
(basal) layer ++ + (+) + +4 + + (+F ++ Pf +t 
Acrosyringium 
Ductal cells of 
Malpighian layer + + 4 “HOt tor + + top teg 
Ductal cells of 
stratum corneum + + + (+) poe = Ap + + HE 


* Labelling; —, negative; ~, weak; + + moderate; + + +, intense —to+ +, variable. 
t Not possible to distinguish beween the varicus cell types. 

+ Membrane-associated and intracellular staimiag. 

§ Luminal layer only. 
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types in these coils. Immunolabelling was prevented by absorption of the anti-I L-1 antibodies 
using human recombinant IL-1 prior to staining (Figs 1 and 2). 

In the secretory coil the ‘clear’ cells showed positive intracellular labelling, whereas ‘dark’ 
mucous cells remained unlabelled (Fig. 3). Histochemical staining of parallel sections with 
PAS-diastase also showed that the IL-1 immunoreactive cells were ‘clear’ cells. The 
myoepithelial cells did not show any immunolabelling. The ductal cells of both coiled and 
straight ducts showed intense immunolabelling (Fig. 4). In addition to intracellular IL-1, there 
was also membrane-associated staining for IL-1 in the tubular cells as seen in the cryostat 
sections (Table 3). In some ducts only the cells of the inner luminal layer were positively labelled 
for IL-1 and the outer layer was either only faintly positive or negative for IL-1 (Fig. 4). 
Intraluminal material could be detected in some cryostat sections but no immunolabelling was 
detected. However, some immunolabelling could be detected in the paraffin-embedded sections 
with some of the antibodies used. 

‘There was only faint labelling of the secretory cells with the various antibodies but the tubular 
cells in the luminal layer showed intense labelling with some antibodies, e.g. G MAb 8, 
following exercise-induced sweating. 


Interleukin 1 immunoreactivity in the acrosyringium 
Compared with the dermal part of the gland, there was more variation in immunolabelling in the 
acrosyringium with the various antibodies used and the cryostat sections showed more intense 
labelling than the paraffin-embedded sections. In the cryostat sections the antibody G MAb 8, 
that has been shown to label mainly the basal cells of the epidermis* showed faint labelling of the 
inner cell layer of the lower part of the acrosyringium. Another antibody, G MAb 7, which 
showed faint labelling of the basal cell layer and a more pronounced labelling of the granular cell 
layer? did not show immunolabelling in the initial part of the acrosyringium. However, this 
antibody produced intense immunolabelling of the coiled duct in the stratum corneum and in 
the adjacent area (Fig. 5). Intense intracellular labelling for IL-1 of keratinocytes and cells of the 
acrosyringium occurred in the paraffin sections. 

Exercise-induced sweating did not significantly modify the labelling pattern with the various 
antibodies. However, intense labelling for IL-1 was scen in the stratum corneum, surrounding 
the coiled duct, with some antibodies, e.g. G MAb 7 and Cistron rabbit 02-1100. 


DISCUSSION 


Interleukin 1% and $ have previously been found in human sweat collected from several areas of 
the body and from the palms and soles.”''° IL-1% was found in all body sites, but IL-1f was only 
identified in sweat from the palms and soles. Western blot analysis showed that only the 17 kDa 
forms were detectable, indicating that secreted IL-1 accounts for the enzymoimmunoassay and 
biological activity instead of the 31 kDa intracellular precursor. 

The collection of the sweat necessitates stimulation by heat or exercise, and it was not clear 
whether the resting sweat apparatus excretes IL-1. This could be determined by in situ 
hybridization with complementary DNA IL-1-specific probes that would indicate whether the 
sweat-gland cells not only excrete but also synthesize IL-1. This approach has so far not been 
feasible. Another approach is to identify material reacting with anti-IL-1 antibodies within the 
human eccrine sweat glands by means of immunohistochemistry. 

We have studied the distribution of IL-1 in human epidermis using a panel of polyclonal and 
monoclonal antibodies to avoid unwanted cross-reactions in immunolabelling.? In the present 
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study both IL-1z and f immuno abe Jing were ¢ “tected 
gland. The labelling appears te be specific, since a panel of specific polyclonal and monoclonal 
antibodies raised against IL-i- and J : rent caboratorres yielded similar results. 
Absorption of two of the specitc enti-[L-1 reegents with a related recombinant protein 
prevented immunolabelling. Th 2 protein in the sweat expresses an epitope 
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common to both the IL-1 and f molecules, which is not likely, the staining we observed 
corresponds to the distribution of IL-1 within the human eccrine sweat gland. 

The present results do not indicate that all the IL-1 species present in the eccrine sweat gland 
have been identified. There was no marked increase in IL-1 immunolabelling after exercise- 
induced sweating, whereas in a previous study this induced high amounts of IL-1% (and f in 
palms and soles) at the skin surface.” 1° We suspect that the IL-1 immunolabelling in tissue 
sections corresponds to cell-associated IL-1 rather than to the intraluminal secreted species. It 
is well known that soluble intraluminal materials not bound to tissue structures are not usually 
accessible to immunohistochemistry. The total absence of IL-1 immunolabelling in cryostat 
sections both before and after exercise-induced sweating suggests that intraluminal IL-1 was 
lost during the tissue processing, whereas the positive IL-1 immunolabelling of some paraffin 
sections, suggests that it was at least partly preserved by the fixation and paraffin embedding. 

The antibodies used reacted with both precursors and mature secreted IL-1 species,’ 
However, the presence of IL-1 immunolabelling in resting (or at least not maximally 
stimulated) eccrine sweat glands indicates that IL-1 species are a constitutive component of 
human sweat and not only a stress-induced excretion, as might have been concluded from our 
previous studies.” ° Whether IL-1 species are produced by the sweat gland or simply taken up 
from other sources cannot be established from this study. Production by sweat-gland cells is 
possible because these are embryologically derived from keratinocytes, which have been shown 
to produce IL-1% and f © The distribution of the immunolabelling along the eccrine sweat gland 
is also compatible with local production. 

In the secretory unit, only one of the three constitutive cells (i.e. the clear cells) was found to 
express IL-1. We were not able to exclude the possibility of a tissue-processing artefact because 
the secretory units were poorly preserved in the cryostat sections. Another possibility is that 
IL-1 is in fact confined to the clear cells, which would indicate that a specific process (either 
secretion or uptake) is involved. 

In the intradermal portion of the excretory duct, which is made up of the two cell layers, the 
IL-1 immunoreactivity was predominantly located in the inner (luminal) cell layer. The 
distribution of IL-1 immunolabelling at this level does not allow a distinction to be made 
between a process of reabsorption from the lumen or production at this level. Since the luminal 


plannen ananin auntie hse nni anra Ane yarr n Aana AT Nn nT eta ast manem aa aa aaam e a o aaae aeea ae 


FIGURE 1. Paraffin section of skin taken from the back and labelled with monoclonal antibody (MAb) G 
MAb 8. There is selective interleukin 1 immunolabelling in some cells of the secretory coil (original 
x 1000}. 


FIGURE 2. As Fig. 1 except that the monoclonal antibody (MAb) G MAb 8 was absorbed with human 
recombinant interleukin 1f prior to labelling. No specific labelling is seen foriginal x 1000). 


FIGURE 3. Paraffin section of skin taken from the back and labelled with the monoclonal antibody Cistron 
02-1025. Cells displaying interleukin 1 have clear cell morphology; the mucous dark cells are not labelled 
(arrows) (original x 1000). 


FIGURE 4. Paraffin section of skin taken from the back and labelled with Goat G203. The inner (luminal) 
cell laver of the coiled duct displays interleukin (open arrows), whereas the outer cell layer remains largely 
unlabelled (closed arrows) (original x 1000). 


FIGURE § (a) and (b) Cryostat section of the palm, labelled with the monoclonal antibody G MAb 7. 
Interleukin 1 is not detected at the initial part of the acrosyringium (closed arrows); intense interleukin 1 
immunolabelling is, however seen in the distal part of the acrosyringium (open arrows) (original x 400). 
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cells showed much more intense IL-1 immunolezeling than the basal cells, the possibility of 
reabsorption of IL-1 appears more likely. 

There was a distinctive distribution of [L-1 ie the acrosvringium with the majority of the 
anti-IL-1 antibodies used. Very little immunoleselling was present in the initial part of the 
transepidermal crossing, whereas there was interse labeling above this. One possibility is that 
the distal cells in the acrosyringium reabsorb IL-1 from the lumen. Another possibility is that 
IL-1 is related to the differentiatien of the cells lirsng the duct. We have previoushv? found that, 
in the epidermis, the preterminal cell in the process of differentiatien of the keratinocyte, i.e. the 
granular cell, selectively concentrates IL-1 (see also Fig. $). I: seems that, in the acrosyringium, 
the distribution of granular cells also ccrrespones to IL-1 immenolabelling. This no longer 
applies to the most distal part through the stratum corneum. It may be that the immunolabelling 
observed corresponds here to the absorption of the excreted IL-1 into the cells, because only the 
17 kDa form is detected by Western blot in buman callus. leakage from the duct in exercise- 
induced sweating is also compatible with this hypothesis. 

To our knowledge. no previous studies have been conducted on the cellular distribution of 
IL-1 or other cytokines in the sweat glands. The cresent stucy establishes the presence of IL-1 
throughout the human eccrine sweat gland appacatus. The distribution pattern is compatible 
with a dynamic process of production within several cell types involving reabsorption from the 
lumen in the absence of maximal stimulation and stress. The presence of both IL-1% and Pisin 
accordance with our previcus observation on sweat as collected at the surface. ”!° The 
significance of the presence ef the two IL-1 speces in human sweat is unknown, and requires 
further study. 
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SUMMARY 


The mononuclear infiltrate found in a variety of inflammatory dermatoses was characterized by 
a predominance of T helper-inducer lymphocytes (THD, CD4*/CD45RA~/CD45RO", a 
population of cells responsible for maintaining and promoting immune reactions. Only small 
numbers of T-suppressor—~inducer lymphocytes (TSi), CD4*/CD4sRA*/CD45RO~, cells 
responsible for inducing CD8 suppressor-effector cells to ‘down regulate’ immune reactions, 
were seen. The predominance of CD4* THi lymphocytes was common to all dermatoses 
studied and suggests a common final pathway in chronic cutaneous inflammation, irrespective 
of initial causative factors. 


The identification in vitro of function-related antigens on immunologically competent cells such 
as lymphocytes, has produced significant advances in the understanding of immunological 
mechanisms in vivo. The initial demonstration of two classes of lymphocytes, B and T cells,’ 
and the later identification of subset-specific cell-surface antigens’ allowed T cells to be divided 
into T-helper (Th) cells responsible for helper and delayed-type hypersensitivity reactions and 
T-suppressor (T,) cells responsible for cytotoxic and suppressor functions. The infiltrates 
associated with a wide variety of dermatoses characteristically show a predominance of Th cells,” 
suggesting an important role for these cells in cutaneous inflammation. 

Recently, a number of monoclonal antibodies have been developed which establish a close 
correlation between the specific immunoregulatory function of lymphocytes and their 
phenotype. Using such antibodies, CD4* Th lymphocytes can now be divided into two distinct 
groups with differing regulatory and effector roles, namely helper inducer (THi) cells and 
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suppressor inducer (TSi) cells. CD4* THi «cls, identified ty the antibodies 4B4* and 
UCHL1,° respond preferentially to seluble antigen and provide kelp for B-cell mmunoglobu- 
lin synthesis. CD4~ TSi cells. identified by the antibodies 2H4,° Leu 8’ and Leu 18,° 
proliferate in response to mitogen and autologw@us mixed lymphocyte reactions (AMLR) and 
induce CD8 suppressor-effector cells to down cegnlate immune reactions. Both populations 
induce CD8 cytotoxic effector cells (Table 1). 

To understand more fully the immunological mechanisms regulating cutaneous inflamma- 
tion, it is important to establish the presence and relative proportions of CD4~ inducer subsets 
within the predominant CD4~ infiltrate found in the inflammatory dermatoses. The 
distribution of helper inducer and suppressor s»cmcer regulatory subsets was studied and a 
double-labelling immunohistochemical techniqwe was developed that allowed im situ demon- 


stration of colocalized, inducer-specific antibodies to CD 4° cells :n skin sections. 














Skin samples 

An ellipse of skin was removed under local anaesthetic tor diagnostic purposes; half was 
routinely processed for histopathological assessraeat, the other half was snap frozen in liquid 
nitrogen-cooled isopentane using OCT cryoprotectant (Tissue Tec, Miles, U.S.A.) and stored 
at — 70°C until used. Specimens included atopic de*matitis(6), cozmtact dermatitis (6), psoriasis 
(7), lichen planus (6) and discoid lupes erythematosus (4. 


Double-labelling immunohistochemical reaction 

To colocalize inducer-specific antibodies to CD4* Ivnaphocytes, an amplified three-step 
double-labelling system was developed based on thx ability of 3,3 -diaminobenzidene (DAB), 
when developed in excess, to immunologically seal the first antibody complex from cross- 
reactions with antibedies used in demonstrating the second antigen.” Cryostat sections (5 um) 
were cut and air-dried (10 min) prior to fixation in scetone (5 min). Following incubation with 
normal swine serum (10 min), sections were lave) ed with the CD4 marker, Leu 3a (1:10 
dilution, 60 min). Subsequent mcubation with a seroxidase-cenjugated rabbit anti-mouse 
antibody (1:10 dilution, 30 min) was followed >y reaction with mouse peroxidase anti- 
peroxidase (PAP) complexes “1:20, 39 min). Peroxidase was visualized using DAB (10 min 


TABLE 1. Cheracreristics of CB4° inducer subsets 








Chis? UCHL:* 4B4a* CD47 /Leu18* 4Weu8* /2H4* 
Proliferation to soluble antigen + oa 
Proliferation to mitogens " + 
Proliferation in AMLR 000 = 
Help for B cell Ig production fs Se 
Induction of CD8 lymphocyte-mediated suppression ~ eo 
Induction of CD8 lymphocyte-mediatad cytotoxicity + + 
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incubation in darkness). The sections were then incubated with inducer-specific second 
primary antibodies (see Table 2 for relevant dilutions) for 60 min, prior to applying an alkaline- 
phosphatase-conjugated rabbit anti-mouse bridging antibody (1:10 dilution, 30 min) followed 
by mouse alkaline-phosphatase anti-alkaline-phosphatase (APAAP) complexes (1:20 dilution, 
30 min). The second antigen was visualized using fast blue as substrate, with the development 
reaction being in two stages of 30 min each separated by buffer washing. Sections were 
counterstained with Mayers haemalum and mounted in Uvinert (BDH Ltd., Poole, Dorset, 
U.K.), a permanent water-soluble mounting medium, prior to visualization. Antibody reactions 
were separated by ro min washes with Tris-buffered saline throughout. All secondary and 
tertiary antibodies were supplied by Dako Ltd. (High Wycombe, Bucks, U.K.). Slides were 
coated with 3-aminopropyltriethoxysilane (Sigma Chemical Co., St Louis, MO, U.S.A.) which 
produces an exceptionally strong bond between section and slide allowing rigorous washing to 
remove reagents between the multiple steps.'® 

The use of conjugated secondary antibodies in both the PAP and APAAP reactions improved 
the contrast of positively-labelled cells without loss of sensitivity. Fast blue proved to be the 
most useful substrate for the APAAP reaction, as the combination of colours seen in the final 
reaction, 1.¢. single-labelled brown or blue lymphocytes, were clearly distinguished from the 
grey/black reaction product of double-labelled, CD4* THi or TSi lymphocytes (Fig. 1). 


Staining combinations 

Cryostat sections (§ um) were stained as above using the CD4 marker Leu 3a in the initial PAP 
reaction, followed by APAAP reactions with 4B4, UCHL1, Leu 8, Leu 18, 2H4 and Leu 2a on 
serial sections (see Table 2 for antibody reactivities and optimal dilutions). 


Controls 

To ensure no cross-reaction was occurring during double-labelling, parallel staining was 
performed on a control section using the non-colocalizing combination of OKT6 and Leu 1 
antibodies. Single staining reactions using Leu 3a (PAP) and Leu 2a, 2H4, Leu 8, Leu 18, 4B4 
and UCHL 1 (APAAP) were performed on tonsil and each skin specimen as a positive control for 
each antibody. Negative controls included omission of primary antibodies, substitution by 


TABLE 2. Characteristics of primary antibodies used 
RN AUENA OINARRITAN TEAC raaa AA HT HTTPS arr rr rrr SAS tr rash Y hintaan 


T cell reactivity *, 








Antibody Antigen Dilution CD3 CD4 CD8 Non-T lineage reactivity 

Leu 3a* CD4 IIG 45 100 -= Monocytes, macrophages 

Leu 2a* CDs 1:30 30 = 100 NK cells 

UCHLit (THD§ CD4s5RO 1:30 40 70 35 Granulocytes, monocytes 

4B4t (THi$§ CDW29 1:400 4I 4I 43 Some B cells, null cells, macrophages 
2H4t (TSS CD4sRA 1:50 42 41 54 B cells, null cells 

Leu 8* (TSD§ p8o 1:10 69 76 58 B cells, granulocytes, monocytes, NK cells 
Leu 18* (TSD§ CD4sRA 1:20 40 50 70 B cells, null cells 


ECC LC LT TT LLL OETA A NAAA 


* Beckton Dickinson, Mountain View, CA, U.S.A. 
t Dakopatts, Glostrup, Denmark. 

+ Coulter Immunology, Hialeah, FL, U.S.A. 

§ When colocalized with CD4 marker. 
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irrelevant monoclonal antibod:es-of similar isotype, omission of second and third step reagents 
and reactions with DAB and fast blue alone. 


ES 


Quantification 

Using an eyepiece graticule orientated along the dermo-epidermal junction, sequential fields 
were studied at x 1000 (oil emersion’ and the nersvber of single- “blue or brown) and double- 
(grey—black) labelled cells was noted until a total of 800 mononuclear cells had been recorded. 
Two slides of each double-stainiag combination were counted, the means calculated and used 
for analysis. Duplicate counts on coded slides were performed and compared using linear 
regression analysis (r= 0-85) confirming the re srodacibility of the counting technique. 





RESUETS 


Antibody reactivities 

Demonstration of T-helper-inducer lymphocyiss. The antibody 4B4 (CDw29) gave poor 
technical results in frozen skin. Despite titration of all reagents, 4B4 continued to cross-react 
with basal cells in the epidermis anc endothelial cells of superficial vessels with substantial 
background staining of the dermis. Localization of substrate around individual lymphocytes 
was poor, making it unsuitable tor doubdle-labeing reactiens or quantitative single-labelled 
studies. However, UCHL1 (CD45RO) produced strong, well lecalized reproducible results 
with no such cross-reactions in skin sections. The combination of Leu 3a/ UCHL 1 was therefore 
used to indicate THi cells in quantitative couble-labeiling studies. 


Demonstration of T-suppressor-indacer lymphocytes. Both 2H4 ‘(CD45RA) and Leu 8 gave 
membrane staining cf lymphocytes, although their reaction products in spite of amplification 
were substantially weaker and less consistent thar:these of Leu 18 (CD45RA). Leu 8 which gave 
particularly variable staining results is known to be an unstable antigen sensitive to cold- 
induced damage, with its expression on lynephocytes being reduced or lost following 
cryopreservation.'! Whilst simgie-sta:ning reactions with these antibodies were sometimes 
acceptable, only the combination of Leu 3a/Leu t& was felt to be seficiently reproducible for 
meaningful quantitative analysis of TSi cells in srozen skin sectiens. 


Single-staining reactions 

2H4, Leu 8 and Leu 18 positive lymphocytes were substantially reduced (< 15°,,) in the 
infiltrates of the inflammatory dermatoses studied when compared to findings in normal 
peripheral blood (40-70",,)°* The only exception was seen in contact dermatitis biopsies at 96 
h, where > 50°, of the infiltrating mononuclear cells (predominantly CD4*) were Leu 8°. 
Serial sections showed these cells to be negatie for 2H4 and Leu 18. In the majority of 
dermatoses studied more than $c". cf the infiltrate showed positive staining with UCHL 1. 





CD4 inducer subset findings 

In all dermatoses studied, only occasional derma! lymphocytes of the CD4*/CD45RA* (Leu 
18) TSi phenotype were detected (Fig. 2). In contrast however, a large number of CD4* 
lymphocytes showed the double-staining phenotype CDy* IUCH La + (Fig. 3), indicating that 
dermal THi cells constitute the majority of inducer cells in the infiltrates of chronic 
inflammatory dermatoses (Table 3). Whilst THi wwnphocytes always formed the majority of the 
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FIGURE 1. Reliable reproducible three-colour staining of frozen skin sections, showing within a single 
vessel Leu3* (brown), UCHL1* (blue) and a single Leu3*/UCHL1* double-labelled T helper- 
inducer lymphocyte (grey black) ( x 320). 

FIGURE 2. Atopic dermatitis, Double-staining reaction revealing Leu 3 (brown) and Leu 18 (blue) 
positive cells. Note the paucity of Leu 18 cells, and that those present are not double-stained and, 
therefore, do not represent T suppressor—inducer lymphocytes ( = 80). 

FIGURE 3. Lichen planus, Double staining combination of Leu 3 (brown) with UCHL1 (blue). Note that 
whilst occasional single stained cells can be seen the majority of lymphocytes double-stain and hence have 
the Leu 3° /UCHL1”* (grey-black) phenotype indicative of T helper-inducer cells ( x 160), 
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TABLE 3. The presence of “Hi and TS: cells within the CE4 population of 


lymphocytes in mflaammecory dermatoses anean °., ef CDa cells + SEM) 
ob FAL TSi 
CDa: CIB (Leus UCHLi Clea 3/Leu 18) 
Atopic dermatitis (65) Slt 5348 ae | 
Contact dermatitis (6: AIT 48 +6 32 
Lichen planus (4) Bil Soi 8 6+ 3 
Psoriasis (7) sair 42 +6 IO+6 
Discoid lupus erythermatosue 4 RI 40 t15 73 
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lymphocyte population, the rates of THi: TS: varied from 4:1 fpsoriasis) te 63:1 (atopic 
dermatitis). 

Summation of the THi and T 5i pcpulatioas does mot reach roc”,,, implying that there are a 
substantial number cf CD4~ lwrnephocvtes in the skin without either inducer phenotype. This is 
a similar situation te that found in the peripheral blood, where 20-30”, of circulating CD4°* 
lymphocytes carry no inducer markers.” 


DISCUSSION 


Three main conclusions arise from this study. Firstly, there is a predominance of helper- 
inducer lymphocytes (Leu 3a°,UCHL1*) found in the infiltrates associated with chronic 
inflammatory dermatoses. Secondly, very few suppresscr~inducer lymphocytes (Leu 3a* /Leu 
18*) are present at the site of inflammation. Thirdly, the above fincings are not disease specific, 
and are found in a range of different indanmsmatcry dermatoses. The phenotype of the 
predominant cell type is, therefore, that of a population whose functional role is ia keeping with 
ongoing inflammation. Furthermore, whilst relative numbers do mot necessarily correlate with 
functional ability, a shortage of TSi cells would lead to minimal induction of CD8 suppressor- 
effector cells with a subsequent weakening of the negative arm of the immune response. These 
findings implicate disordered mducer subsets in maintaining inflammatory pathways in 
cutaneous disease. 

This quantitative study extends the findings ef previous work? > and demonstrated a 
predominantly THi population with ew TS: cels in the infiltrate associated with inflammatory 
dermatoses. Recently, an apparently contradictory report’* described ‘significant’ numbers 
(not quantified) of CD45RA®* (24414*) cells ir normal skin. However, double-staining reactions 
with CD4 markers were not performed, and as C4sEA antibodies bind to both CD4 and CD8 
lymphocytes, interpretation of single-labelled ceils as TSi lymphacytes is not possible. Modlin 
et al.'>'® using 2H4, 4B4 and Leu 3a antibodies demonstrated a 14-fold increase of THi over 
TSi cells in tubercuboid leprosy tesions, changing to a 1:1 ratio in epromatous leprosy. Such a 
change demonstrates that phenctypieally definec inducer populations may reflect functional 





was seen in all the chronic inflammatory dermatoses studied. suggesting a final common 
pathway in dermal inflammation irrespective of the taitial aetiological cause, the variability in 
ratios of THi:TSi seen is interesting. In partecular, atopic dermatitis seems to be characterized 


4 W 


by a very marked paucity of TS: when compared with the other dermatoses studied. 
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In the peripheral blood, the ratio between circulating THi and TSi is approximately 1-2-1. ne 
The predominance of THi lymphocytes seen in the dermatoses studied, therefore, implies a 
mechanism by which differential subset distribution is seen at sites of dermal inflammation. One 
possible mechanism would be a preferential uptake of soluble antigen-activated (THi) 
lymphocytes from the circulation into the skin. As the initial migration of lymphocytes into 
cutaneous tissue involves the adhesion of such cells to endothelium, it is of interest that CD4 | 
CDw29*(4B4*) THi cells are more adherent than TSi cells in a lymphocyte-endothelial 
binding assay.'* Alternatively, a selective im situ proliferation of THi cells at the site of antigenic 
challenge would lead to their predominance in cutaneous inflammation. However, this seems 
unlikely, as our own studies!® with the Ki67 monoclonal antibody show very few T cells to be 
actively proliferating. A further possible mechanism is explained by the recent suggestion that 
CD4* /CD4sRA*/UCHL1~ lymphocytes represent immature, virgin T cells, and that such 
lymphocytes express the UCHL1 antigen when they differentiate into active memory T cells.*° 
Thus, dermal CD4 lymphocytes may have acquired the UCHLI antigen as a result of 
differentiation in response to an im situ antigenic stimulus. 

Our findings suggest that in a number of dermatoses characterized by ongoing chronic 
inflammation, a preponderance of THi cells with a paucity of TSi cells is found. This pattern iS 
similar to findings in chronic inflammatory arthropathies,”! and pleural and peritoneal 
inflammatory infiltrates,’ suggesting that it represents a general manifestation of chronic 
inflammation and not a skin-specific reaction pattern. Furthermore, the clinical differences 
between the various inflammatory dermatoses cannot be explained by our present knowledge of 
T-inducer lymphocyte function. 
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SUMMARY 


There is growing evidence that keratinocyte (KC) intercellular adhesion molecule-1 (ICAM-1) 
expression is involved in the epidermal trafficking ef T lymphocytes. To further characterize the 
molecular basis of KC ICAM-r1 expression, the detailed kinetics of induction by gamma 
interferon (IFN-y), as well as the phorbol ester, r2-O tetradecanoylphorbol-13-acetate (TPA), 
were studied. This study reports that KCs express both the class II major histocompatibility 
antigen (HLA-DR) and ICAM-1 in response to IFN-7, although the response is distinctive for 
each molecule. Also, TPA induces ICAM-1, but not HLA-DR expression, whilst the protein 
kinase inhibitor, H7, blocks the TPA, but not the IFN-)-mediated response. The results 
provide a molecular basis whereby non-cytokine-mediated stimuli (e.g, TPA) alter KC signal 
transduction events involving protein kinase-C (PK-C) and thereby generate such immunologi- 
cally relevant events as ICAM-1 expression. Thus, KCs may be targets for both T-cell derived 
cytokines (e.g. DFN-y), and non-cytokine TPA-like molecules which stimulate PK-C. 
Induction of ICAM-1 by either mechanism would be capable of instigating intraepidermal T- 
cell trafficking. 


There is evidence implicating keratinocyte (KC) intercellular adhesion molecule-1 (ICAM-1) 
expression in the epidermal trafficking of T lymphocytes.'~® Recently, we have reported on the 
ability of gamma interferon (IFN-y) to induce different patterns of KC ICAM-1 and HLA-DR 
expression.” T cells which express lymphocyte-function-associated antigen-1 (LFA-1) bind to 
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ICAM-1-expressing KCs in vitro, ° and thezn ve appearance aad localization of intraepider- 
mal T cells associated with KC ICAM-1 express:on has been correlated to the induction, 
maintenance, and resolution phases of a wide variety of skin diseases.2-°/°!! Thus, the 
regulation of KC ICAM-1 expression is likely zo be important in our understanding of the 
mechanism of cutaneous inflammatory reactions. In psoriasis, for example, KC ICAM-1 
expression’”® is accompanied by increased levelsof diacylglycerol (DAG) with activation of its 
target molecule, PK-C. 17 U Furthermore, topical epplicaticn to mice of TPA and DAG causes 
marked inflammation and inereased epidermal proliferation which simulates the hyperplastic 
response as seen in psoriasis. * To determine whether altered PK-C signal transduction could 
directly influence ICAM-1! expression, cultured K (Cs were exposed to both TPA, a potent PK- 
C agonist, and a known ICAM-1 inducer (IFN--) °°? The subsequent expression of ICAM- 
I was measured with the use of immunoperoexigse staining techniques and fluorescence- 
activated cell sorting (FACS). 






METHODS 


Materials 

Dulbecco’s modified Eagle’s medium ‘DMEM) was obtained from Gibco Laboratories (Grand 
Island, NY, U.S.A.:. Serum free, KC growth medium containmeg low calcium (KGM) was 
obtained from Clonetics Co., (San Diege, CA, U.S.A). Recombinant IFN-y (specific 
activity = 1:7 x 10 U/mg) was provided by Dr M. Shepard, Genentech, Inc., (South San 
Francisco, CA, U.S.A.). Calciam ionepnore(Ae3127), digmonin, TPA, EDTA, EGTA, Tris, 
gum tragacanth, and mercaptoethanol (#-ME) were purchased from Sigma Chemical Co., (St 
Louis, MO, U.S.A.). C PY deoxycyticine triphosphate was ‘rom ICN Radiochemicals (Irvine, 
CA, U.S.A.) DEAE cellulose (DEs52: was cbtainec from Whatman (Hilsboro, OR, U.S.A.), 
protein kinase-C inhibitor H7'* was obtained from Seikagaku Kogyo Co. (Tokvo, Japan). All 
other chemicals were of at least reagent grace. 


KC culture 

Samples of normal, human skin obtained frem cosmetic surgery were processed to single cell 
suspensions and viable KCs were then seeded an to, and grown in either 35-mm diameter, 
plastic Petri dishes (Lux. Flow Laboratories Inc. Naperville, IL, U.S.A.) or Lab-Tek chamber 
slides (Miles LAB, Naperville, IL, U.S.A in KGM as previcusly described.” Cells were 
maintained in a humidified incubator in 5°, CO.95°,, air at 37 < and used after passage 3. 


TPA induction of KC expressum of ICAM -1 ane HLA-DR 
TPA, A23187 and H-7 were added to subconfuert KCs growing in KGM in the indicated 


combinations, concentrations and ume courses. KCs grown in Petri dishes were then 
trypsinized, stained, and examined by FACS analysis. K.Cs grown in Lab-Tek chamber slides 
were Stained in situ using an immunoperoxidase technicue. 


Staining of KCs for 1CAM-1 and HLA-DR 

KCs grown in 3§-mm dishes were trypsinized using o-02",, trepsin;o-o1r’,, EDTA and an 
aliquot of approximately 10° KCs incubated for 40 min on ice with 10 ug/ml of the primary 
monoclonal antibodies, anti-]CAM-: (RR 1/1; Dor T. Springer, Beston, MA, U.S.A.) and anti- 
HLA-DR (TS 1:16: Dr C. Clavberger, Stanford, CA, U.S.A.) Anti-Leu 2a (CD8, Becton- 
Dickinson, CA, U.S.A.) was used as an isotype control antibody. The cells were washed and 
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then stained with 1 ug of fluoroscein isothiocyanate-conjugated (FITC) goat anti-mouse IgG 
(Tago, Burlingame, CA, U.S.A.) for 30 min. After washing, the stained cells were fixed in 2°% 
paraformaldehyde and staining intensity and numbers of cells stained, determined by FACS 
(EPICS 541, Coulter Corp.) as previously described.” KCs grown in Lab-Tek chamber slides 
were stained in situ with the aforementioned monoclonal antibodies using an immunoperoxidase 
technique (Vectastain ABC Kit, Vector laboratories, Burlingame, CA, U.S.A.) with 3-amino-9- 
ethylcarbazole as the chromogen and counterstained with 1°, haematoxylin.” 


Protein kinase-C activity 

Gamma interferon, at 10° U/ml, was added to roo-mm diameter Petri dishes containing 
subconfluent KCs for either 15, 30 or 60 min. TPA 100 nM was added to similar dishes for 10 
min to serve as a control. At the indicated times, the treated dishes were washed with cold, 
phosphate-buffered saline (PBS) (calcium and magnesium free) and then incubated on ice for § 
min in the presence of 3 ml of permeabilizing buffer (20 mM Tris, 5 mM EGTA, 2 mM EDTA, to 
mM B-ME, Leupeptin and Digitonin).'° The permeabilizing buffer was collected (soluble 
fraction) and kept on ice whilst the KCs were harvested in 3 ml of homogenizing buffer (20 mM 
Tris, § mm EGTA, 2 mm EDTA, 10 mm PME, Leupeptin and 0-5”, Triton X-100) and 
centrifuged at 10 000 g for 40 min, the resulting supernatant being the membrane fraction. Both 
soluble and membrane-associated PK-C were partially purified by DEAE cellulose chromato- 
graphy and the fractions assayed in duplicate for PK-C activity by measuring the incorporation 
of ° P from Y P-ATP into histone as described.'’ Protein estimation was performed using the 
Bio-Rad assay.'* 


Time course and dose-dependence of IFN-} induced KC expression of I[CAM-1 and HLA-DR 
IFN-y was added to subconfluent, KC monolayers in 35-mm dishes at the indicated 
concentrations and incubated with the KCs for the various time courses. The KCs were then 
trypsinized, stained and quantified by FACS analysis, or the IF N-y was washed from the dishes 
and the KCs incubated further in KGM alone for the indicated periods of time until 
trypsinization and staining. 


RESULTS 


Induction of KC ICAM-1 expression by TPA 

By FACS analysis, TPA induced KC expression of ICAM-1 but no HLA-DR and the maximal 
induction occurred at 1 day with no subsequent increase or decrease in intensity of expression 
with incubation continued for as long as 3 days. Incubation beyond 3 days resulted in TPA- 
induced KC toxicity. The maximum dose response was reached at 10-20 nM TPA (Fig. 1). 
Neither A23187 nor the protein kinase inhibitor, H-7 alone induced ICAM-1 or HLA-DR 
expression, but A23187 at 1 uM enhanced TPA-induced expression of ICAM-1. H-7 at 40 uM 
inhibited TPA induction of ICAM-1 by 50”. (higher H-7 concentrations could not be used due 
to cytotoxicity), and TPA + A23187 induction of ICAM-1 by 60°, (Fig. 2), but did not inhibit 
IFN-y-induced ICAM-r expression (data not shown). 

Immunoperoxidase staining of untreated KC monolayers showed few KCs { < 1°) positive 
for ICAM-1. However ICAM-1, but not HLA-DR expression, occurred after incubation for 
48 h with TPA alone, or with TPA and A23187, although the intensity and extent of ICAM-1 
expression was less than that induced by IFN-; (Fig. 3). Light microscopy showed that those 
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FIGURE 1. KC expression of ICAM- and HLA-DR follewing incubation for 48 h with TPA 
0-20 nM + calcium ionophore, A23187. 1 pai, as deterrrerned by FACS amalysis. A23187 enhances the 
induction of ICAM-1 by TPA, and there is only mouimal HLA-DR exowession in response to TPA 
with no enhancement by Az3187. {9 = 3-7 for all experiments, values are mean + SEM.) 
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FIGURE 2. KC expression of ICAM- afer 48 b wcubation with ether TPA 10 nm or TPA 
10 nM + calcium ionophore, 423187, 1 pM amd subseggaw inhibstion of this effect by co-incubation with 
PK-C inhibitor H7 at either 40 or 79 uM. PACTS analyses cererminanon. (n = 4, values are mean + SEM.) 


KCs expressing ICAM-1 in response to TPA differed from surrounding non-ICAM-1- 
expressing cells in that they were slightly elongated and had migrated above the monolayer. 








PK-C modulation 

TPA produced a rapid (10 min) reduction in sowutle fraction PE-C activity (Table 1) with a 
concomitant rise in membrane-associated PK-C activity, as previously reported.'!?:?° [FN-y 
had induced no change in membrane-associated >K-C activity by 15 min. However, extension 
of the IFN-y co-incubation time to 39 min pro@ueed a rise in the PK-C activity of both the 
membrane-associated and soluble fractions wrlh the membrane-associated PK-C activity 
returning to the original value at 60 raim. 





Modulation of KC ICAM-1 by IEN =; 
FACS analysis demonstrated that in tne absence ef IFN -y there was no KC expression of HLA- 
DR and < 1%, staining for ICAM-1. After only 4 act IFN -y treatment, KCs strongly expressed 
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TABLE 1. PK-C activite scluble and membranc-associated, ofnormal, 
haman cultured KC showing effect of IFN- iieo Ujmikand TPA 
(100 nM: at cifferemt tune interwels. Values are mean + SEM 


PR-C activie 









Treatment Some 

Control 2127 <r 3) 439+8 <(n=4) 
TPA 10 min 3-44.76 (n= 3) 138-9 + M3 (n= 3) 
IFN-y 15 min 42-3412 (n= 2) a§-8:i8 n= 4) 
IFN-» 30 min 388415 (rea) TLIE? (n= 3) 
IFN-y 60 min 355 E2 (nea) 437442 (n=3) 





ICAM-1, reaching a maximum intensity at 2 days Fig 4.. HLA-DR was not induced until day 
1, with a maximum at day 3 as previously describea.*' Continued incubation with IFN-y over a 
period of 6 days resulted in a marked decline of KZAM-1 expression, but a stabilizing of HLA- 
DR expression with minimal loss of intensity (Fig. 4). When the KCs were washed free of IFN-} 
(as detected by a sensitive radioimmunoassay; Centocour, Malvern. PA, U.S.A.) after 2 days 
exposure, both HLA-DR and ICAM-1 expression declined slightly over the first week with a 
greater decrease during week 2 (Fig. 5). The decrease in HLA-DR expression was always less 
than for ICAM-1 to day 11, but by dav 13 there was ne significant detectable KC expression of 
either antigen. 

Minimal KC expression of ICAM-1 was induced by only or U/ml IFN-y with a rapid 
increase in intensity of expression with concentrations up to 5 U/ral IFN-y (Fig. 6). Maximum 
expression of ICAM-1 occurred at about 10° U/ne. IF N-;, with increasing concentrations up to 
10° U/ml IFN-y producing no further enhancement. KC expression of HLA-DR was less 
sensitive to IFN- than ICAM- 1, with minimal expression first eecurring at 2-6 U/ml witha 
maximum at 100 U/ml, equivalent to that seem for ICAM-1 ¢Fig. 6). Thus, ICAM-1 induction 
in cultured KCs is more rapid and more sensitive to lower doses of IFN-y than is HLA-DR, as 
was also found with short-term, whole-skin omgan cultuses.7 Whether the decreased KC 
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FIGURE 4. Time course of induction-of ICAM-1 and HLA-DR on Kis sy IFN-y 900 U/ml for 1-144.4, as determined 
by FACS analysis. Note the more rapid induction and dssappearanee of 1CAM-1 expression compared to HLA-DR. 
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FIGURE 5. KC expression of ICAM-1 and HLA-DR after incubation with IFN-y (20 U/ml or 200 U/ml) 
for 48 h, followed by washing KCs free of IFN-y and incubation continued in KGM alone for a further 16 
days by FACS analysis. Note more rapid induction of ICAM-1 expression and gradual decline in both 
ICAM-1 and HLA-DR expression after removal of IFN-». 
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FIGURE 6. KC expression of HLA-DR and ICAM-1 in response to 48 h incubation with increasing 
concentrations of IFN-y (o-5~ 1000 U/ml), as determined by FACS analysis. KC expression of ICAM-1 is 
more sensitive to lower concentrations of [FN-y, and both KC ICAM-1 and HLA-DR expression peak at 
roo U/ml of IFN-». 


ICAM-1 expression which occurred between 48-96 h of IFN-y exposure was due to ICAM-1 
shedding, surface modification, or internalization and degradation is now being investigated. 


DISCUSSION 


Protein kinase C (PK-C) is the major cellular phorbol-ester receptor and it is believed that most 
‘TPA-induced events within the cell are PK-C mediated.*? TPA induces KC ICAM-1, and this 
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effect is enhanced by the calcium ionophore, A23187, a carboxylic acid antibiotic which 
transports calcium ions across biological membranes.” These findings strongly indicate a role 
for PK-C in the secondary signallirg mechaniems preceding ICAM-1 expression, which is 
further supported by the ability of the protein kinase inhibitor, H7, to partially block this 
response. !° 

The observation that 1§ min mcubation with IFN-y did not increase the PK-C activity of 
membrane-associated fractions of human KCs is in contrast to the rapid TPA activation of PK- 


“ 


C by translocation from cytosol co membrane.?" Hewever, IFN-- increased both membrane- 
associated and soluble PK-C activity within 30 min. In agreement with our resules, Hamilton er 
ai,-* demonstrated a concomitant increase in ber cytosolic and membrane-associated PK-C 
activity following treatment of murine peritoneal macrophages with IFN-y. They concluded 
that this dual rise in soluble and membrane PK-C activatien was not due to de novo synthesis of 
PK-C and that the molecular mechanisms were unknown. Ostrowski et al,’ showed in a B- 
lymphoid cell line that although IFN-7 will produce transient translocation of PK-C activity 
from cytoplasm to membrane, the response is slower (30 mun) than that reported for 
interleukin 3.7° 

Our study therefore agrees wath previous work which demonstrated that IFN-} does not 
activate PK-C in the same manner as does TPA. “he inability of H7 to inhibit IFN-y-induction 
of KC ICAM.-1 is evidence that I FN-, dees net directly induce KC expression of ICAM-1! viaa 
PK-C-mediated pathway. Furthermore. Koide er af?” demonstrated that IFN-; induction of 
HLA-DR on HL-60 cells is not hibited by H7, but W7 (a calmodulin antagonist) will block 
this response, indicating that IFN-y induction 0° HLA-DR may be a calcium/calmodulin and 
not a PK-C-mediated event. Perhaps IFN-+ indaction of KC ICAM-1 expression is also via a 
calmodulin-dependent pathway. Previous authors have observed that certain biclogical effects 
of IFN-7, such as induction of an anti-viral State, are PR-C depencent,** whilst other activation 
events are PK-C independent.*” 

The results suggest that KC ICAM- is mducible ty at least two different cellular 
mechanisms; the first involving LF N-=, end the scond invo/ving TPA. In the first mechanism 
the KCs may be viewed as passive targets for IFN- which can augment an ongoing 
immunological reaction in the dermis and whick induces ICAM-I expression. In the second 
mechanism, the KCs may be viewed es active initiators of epidermal T-cell trafficking in which 
PK-C-mediated induction of ICAM-1 leads te the activation of T cells amd subsequent 
production of T-cell cytokines. In this model, either endogenously generated DAG within the 
epidermis, or exogenously applied TPA-like molecules to theskin surface, would be responsible 
for activation of KC PK-C and induction of KC ICAM-} expression. 

It is known that even normal appearing skin cortains occasional intraepidermal T cells,°° and 
accumulation of these T cells within the epidermis occurs when they bind to KCs expressing 
ICAM-1. These accumulated ineraepiderma! T ells may become activated themselves either 
through exposure to KC-derived cytokines such as IL-1.6, (3M-CSF,°! or through activation 
of their own PK-C signal transduction system by a TPA-like molecule?? Activated 
intraepidermal T cells could then preduce IFN- to augrent KC ICAM-r expression and 
induce HLA-DR expression, thereby conferring antigen-presenting capacity on the KC.33 
Topical exposure to PK-C agonists such as TPA, aplysiatexin, and urushiol which produce 
inflammatory psoriasiform dermatitis,'* swimmers itch,“* and poison ivy contact dermatitis?’ 
respectively, may, via the induction o? KC ICAM-1, influence T cell epidermal trafficking and 
thereby explain the rapid appearance of intraepid=rmal T celis and cutaneous inflammation. In 
fact, we have recently observed early KC ICAM-: expression in poison ivy contact dermatitis 
as described above.** 
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In summary, our results suggest a new pathophysiological mechanism for inflammatory skin 
diseases which emphasizes the production of cutaneous immunological events via altered KC 
signal transduction. Furthermore, the propensity for both cytokine (e.g. IFN-y), and non- 
cytokine- (e.g. TPA) mediated mechanisms to induce ICAM-1 on KCs via PK-C-independent 
and dependent pathways, respectively, may aid the development of new therapeutic agents. 
Thus, the recently recognized ability of topically applied sphingosine, which is a protein kinase 
inhibitor, to block TPA-induced inflammation and KC hyperplasia,'* may be mediated in part 
through modulation of adhesion molecules and subsequent T-cell trafficking in the skin. 
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SUMMARY 


The flare and weal reactions to intradermal injections of histamine and the peptide substance P 
were measured in a group of patients with atopic dermatitis and compared to reactions in a non- 
atopic control group. There was no significant difference in the flare areas between the controls 
and atopics with either reagent. The weal volumes after injection of substance P and histamine 
were significantly larger in the atopic group. As substance P causes mast cell histamine release, 
the increased weal volumes produced by substance P in the atopics may be entirely due to the 
exaggerated atopic weal reaction to histamine. 


The undecapeptide substance P (SP) is widely distributed in the central and peripheral nervous 
tissue where it functions as a neurotransmitter.’ It has been demonstrated in the upper dermal 
nerve plexuses where it appears to be localized in the primary cutaneous sensory nerves, and in 
pig and man, SP-containing nerves have been demonstrated penetrating into the epidermis.” 
Antidromic stimulation of afferent cutaneous sensory nerves produces a cutaneous flare and 
plasma extravasation in the area of skin supplied by the stimulated neurone;* pretreatment of 
the skin with capsaisin which depletes nerve endings of SP prevents this reaction.’ Intradermal 
injection of picomolar quantities of SP produces a weal and flare reaction.’ The partial 
inhibition of this effect by antihistamines and the ability of SP to cause in vitro mast-cell 
degranulation®’’ suggests that these reactions are at least in part due to SP-induced histamine 
release. Indeed, intradermal injection of SP in man produces a rise in the level of histamine in 
the venous blood draining the injected limb.!° 

In spontaneous and suction-induced blisters in a variety of inflammatory dermatoses, SP can 
be detected in the blister fluid at picomolar concentrations,'! and at this concentration it is 
obviously capable of producing weal and flare reactions and itch. At similar concentrations, SP 
may also participate in inflammatory reactiorls and may stimulate chemotaxis of human 
monocytes.'* It was also recently discovered that SP at 10°® to 10° M concentrations will 
stimulate the growth of cultured mouse keratinocytes, and as such may contribute to epidermal 
proliferation.'* Patients with atopic dermatitis frequently notice exacerbations of their skin 
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inflammation during times of stress, and alterations in the vascube resistance of the skin have 






been observed.'* These reactions are similar æ those seen wita intradermal injections of 
histamine. To investigate the pessible link between cutancous inflammation and the central 





2 patients with atopic dermatitis the weal and 
flare reactions in a group of patie: ie 
group of non-atopic controls. 


MET HESDS 


Subjects 

Studies were performed on 13 acult patients (mean age 31 years = 14 years) who have suffered 
from longstanding atopic dermatitis and who fulfilled the Hanitia~Rajka'* criteria for this 
condition. All had avoided taking antihistamine: for at least 1 week before the studies began. 
The 12 control volunteers (mean age 21 + ¢ years) had no persanal or first degree relatives 
with atopic asthma, eczema or allergic rhinitis. Hospital ethical committee approval was 
granted prior to the commencement of the studies and all volunteers gave written informed 
consent. 





Solutions 

All the active agents were made up in a sokutien ef sterile phosphate-buffered saline (PBS) 
containing 500 mg 1~' of bovine serum a)bumin ‘ BOA) which acted as a carrier protein for the 
substance P. Plastic laboratory ware and syringes were used throug cut to prevent adsorption of 
histamine. 

Powdered SP (Sigma Chemicals Co., Poole, Dorset, U.K.) was diluted in sterile PBS and 
stored in aliquots at a temperature cf -8c°C. These were thewed and diluted to the test 
concentrations I hour before injection. Ten, 100 2nd200 pmol of SF in 50 ul of dikient and 0-08 , 
0-16 and 1:6 nmol of histamine acid phosphate (British Pharmacopoeia) in 50 ul ef diluent were 
prepared. 


Measurements 

Flare area. The maximum diameter of the Aare surrounding the injection site, and the 
diameter of the flare perpendicular to its mid point were measured and the flare area estimated 
according to the formula in Table 1. 

Weal area. The maximum diameter of the weal, and the diameter of the weal perpendicular 
to its mid point were measured and the weal area estimated aecording to the formula in 
Table x. 

Weal thickness. The skin thickness was measured prior to injeczton ( To) and at periods after 
injection (71) by pinching and lifting the skin preximal andistal re the injection site so that the 
jaws of a low tension spring loaded micrometer “Mitatoyo, Japam. could be released onto the 
weal. Thickness and volume could then be calculated according zə the formula in Table 1. 











Injections 

All subjects were prick tested with the PBS/BSA diluent to determine immediate sensitivity to 
the BSA, before intradermal injection of 50 ul of tae PBS/BSA diluent without active agent. The 
presence of a weal and flare and changes m the skin thickness at 20 min were recorded. 
Intradermal injections of the active reagents were introduced into non-eczematous volar 
forearm skin using a 27 gauge needle. 





Substance P and histamine in atopic dermatitis 345 


TABLE 1. Formulae used to calculate 
weal and flare parameters 





Flare area nig ((D1 + D2)/2)? 
Weal area ni4{(di + d2)/2}? 
Weal thickness (Tr -- To3/2 

Weal volume Area x thickness 


SUE VSvTE paniatan eiin STOTT? TTC ToT samen AAAA 


D1 is the maximum flare diameter and 
D2 the flare diameter perpendicular to it. 

di is the maximum weal diameter and 
dz the weal diameter perpendicular to it. 

To is the skin thickness prior to intra- 
dermal injection of the active agent and 
Tı the skin thickness at the specified 
time. 


Time-response curves 
The flare area and weal volume were determined at 1, 3, 5, 10, and 20 min after injection of 100 
pmol of SP and 0-16 nmol of histamine. 


Dose-response curves 
The flare area at 3 min and weal volume at 10 min were calculated after intradermal injection of 
10, 100 and 200 pmols of SP and 0-08, 0-16 and 1-6 nmols of histamine. 


Statistical methods 
Results are expressed as means + standard error of mean. Flare area and weal volumes in the 
atopic and the control groups were compared using the unpaired two-tail Student’s t-test. 


RESULTS 


Two of the atopic subjects developed a small weal and flare reaction on prick testing with the 
PBS/BSA diluent and one atopic subject had an increase in skin thickness at 20 min after 
intradermal diluent injection. These three subjects were excluded and results reported are those 
of 10 atopic and 12 non-atopic subjects. 


Flare area 
Intradermal injection of SP produced a flare reaction with a maximal area after 1 min. The flare 
was faint at first, but as it consolidated and reduced in area, the intensity increased, becoming 
maximal at § min. During consolidation a reticulate border to the flare was commonly seen; 
measurements of flare diameter were always taken to the most peripheral continuous rim of 
erythema. Thereafter, the intensity diminished and area regressed as shown in Figure Ir. 
The 3-min flare area dose-response curve showed a linear trend with increasing flare area with 
larger doses of SP injection in the atopics, but this clear relationship was not so evident in the 
control group. The time and dose-response relationships showed no significant difference 
between the control and atopic groups at any time or dose of SP (Table 2). 
Intradermal injection of histamine produced a time- and dose-response curve similar to that 
seen with SP injection. The mean values for the flare area in the atopics were smaller than that 
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FIGURE 1. Flare area time-response curve for sebsterme P {ico pmol). (——~, atopics; ~~—, non-atopic 
controls). 


TABLE 2. Three-aminute flare area. dose-response curve for substance P 





Dose of SP (prmel 


Control ETER ITI+30 1984+32 
Atopic FZL IFItELÓ 23-7431 
tS NS NS 





NS, not significant ats level of P< oos. 


seen in the controls at 3, § and 10min, but statistical significance at che P<0-0 5 was not reached 
(Table 3). 


Weal volume 

Weal volume after SP injection was maximal at 2> min. The time caurse of the weal reaction in 
the control and atopics was similar. Ir. beth groups there was a linear dose-response relationship 
in the 10-min weal volume after SP injection (Fa. 2), The weal volumes in the atopic patients 
were, at the three doses investigated, significantly larger, being double those of the control 
subjects. 

The time course of the weal volumes after histænine injection was similar to that seen after SP 
injection. Again, in both groups there was a linear dose-response relationship for the 10-min 
post-histamine injection weal volume (Fig. 3). The weal volumes in the atopic group were 
significantly larger than the controls at all doses tested. 
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TABLE 3. Three-minute flare area dose-response curve for histamine 





Dose of histamine (nmol) 


oog O-16 1-6 
Flare area (cm?) mean + SEM 
Control OOD WWHr+225 22-4416 
Atopic L223 16°32 212422 
NS NS NS 





NS, not significant at a level of P< 0-05, 


Weal vol 1074 l 





O 00 200 


SP dose (pmol) 


FIGURE 2, Ten-min weal volume dose-response curve after intradermal injection of substance P (——, 
atopics; ~~~, non-atopic controls). a P<o-02, @ P< oos. 


DISCUSSION 


The data show that there was no significant difference in the flare area induced by intradermal 
injection of both SP and histamine between the atopic subjects and the non-atopic controls. In 
addition the mean flare area for histamine for the atopic group was smaller than the controls at 3, 
5, and 10 min, but these differences did not reach significance at a P value of < 0-05. Several 
investigators have commented on the reduced or even absent flare reaction seen in atopic 
eczema'°~*’ after intradermal injection of histamine, though it has been suggested that this 
occurs only in sites of skin actively inflamed by atopic eczema, and it is not seen in patients with 
atopic dermatitis when healed'’ or uninvolved’? sites are studied. Furthermore, when 
histamine reactions are measured in areas of contact dermatitis diminished flare areas are 
noted, +? suggesting that the reduced reaction is secondary to eczematous inflammation, rather 
than something unique to atopic dermatitis. The choice of uninvolved sites for testing in this 
study confirms the finding that there is no significant difference between histamine-induced 
flare reactions in atopics and contro! subjects. 
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FIGURE 3. Ten-min weal volume dose-response Cures after intradermal mjection of histamine (——, 
atopics; ~=~~, non-atopic controls, a P< COs. 


In contrast to the Hare reactions, at the three doses of histamine chosen, it was found that the 
weal volume in the atopics was doable that of the controls, aad these differences reached 
statistical significance. Previously weal-volume measurement bas only infrequently been 
performed; Archer ez al. ' 9 also neted an increasedanean weal volume in the atopics compared to 
controls with a single dose of histamine, but tis did not reach statistical sigaificance. The 
possibility was considered that the bovine serum abumin, used as acarrier protein in the diluent 
of the injections, may have had an influence on wesi volumes, even n the subjects not developing 
reaginic reactions to it. In subsequent studies 1: was found that there was no significant 
difference in the weal volumes at 10 min produced by o-t nmol histamine diluted in PBS alone 
(mean weal volume 81 + 6-8 pl) and o-1 nmol histamine diluted in PBS and so mg1~' BSA 
(mean weal volume 66+ 11:2 ul, n=4, Feos 

Atopic dermatitis is a condition characterized by severe itech, and the pharmacological 
mediators responsible for this itch have been exeensive-y studied. There is now considerable 
evidence that SP mediates its weal and flare reaction by inducing dermal mast-cell degranula- 
tion and liberation of histamine. The significantly larger weal response seen after SP at between 
to and 200 pmol doses in the atopics may be eatrrely the result of the already demonstrated 
histamine response. In spontaneously arising Ol sters ceccurring on eczematous skin, SP has 
been found at concentrations of the order of 90 pmol. Thus. SP may have a role in the 
promotion or initiation of the ecaemetous respors: in atopic eczema, particularly as it may have 
twice the capability to produce dermal oedema m atopics as in normal individuals. 
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SUMMARY 


Infra-red thermography was used to quantify, at patch test sites, the allergic responses to 
experimental preparations of nickel sulphate and primary irritant responses to sodium laury] 
sulphate in small groups of volunteers. The technique was also used to assess the patch-test 
responses in a much larger group of patients who had undergone routine patch testing for 
contact allergy with a wide range of test substances and among which there were large numbers 
of allergic, irritant and equivocal reactions. TThermographically, when compared to the 
surrounding normal skin surface, the sites of allergic reactions appeared as hot areas, the 
temperature and area of which were apparently dependent on the severity of the response. For 
allergic responses, there was a good correlation between the clinical assessment and either of two 
thermographic parameters, temperature and area of involvement. Compared with an aqueous 
solution of nickel sulphate, ‘poor’ formulations of the allergen, such as a suspension in soft 
paraffin base, elicited smaller and cooler reactions. Irritant reaction sites were not ‘hot’ and the 
temperature at such sites was no different from that of the surrounding normal skin. Infra-red 
thermography is a convenient non-invasive technique which apparently can be used to 
discriminate between irritant and allergic responses and to quantify the latter type of response. 


There is continuing interest in methods which can be used to quantify the diverse responses of 
the skin to various stimuli. As part of an attempt to improve existing patch-testing methodology 
and to improve the diagnosis of allergic and irritant dermatitis, we have been interested in 
objective measures of the response of the skin in subjects challenged with topically applied 
allergens and irritants. There is a need for a simple method to discriminate between allergic and 
irritant responses especially where these are weak in nature. Many methods, such as laser 
Doppler flowmetry,' photoplethysmography? and skin reflectance measurements,” have been 
used to quantify the erythema and hence the severity of the patch-test reactions. More recently, 
other aspects of allergic and irritant responses have been studied, such as changes in skin-barrier 
function by means of transepidermal water loss (TEWL) measurements* and the associated 
oedema by ultrasonic methods.” At the test site many of these instrumental methods make what 
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preliminary studies with infra-red thermography” indicated that this technique had the 
important advantage of providing a ‘picture’ of the entire response site including the area of 
involvement and the temperature distribution within it. This paper describes the use of infra- 
red thermography to quantify the allergic pateh-test response and to discriminate between 
allergic and irritant types. 


METHODS 





Nickel sulphate, Analar grade (6iS©,..7H.C, cenmprsing 20-7~-21-6°,, NI *, BDH Biochemi- 
cals Ltd) was micronized to a mean part:cle size ef < po pm before incorporation into the white 
soft paraffin base by trituration. sodium lauryl sulphate, SLS (Sigma, Chemical Co., St Louis, 
MO, U.S.A.) white soft parafān E.P. WSP Evans Medical Leid., Horsham, W. Sussex, 
U.K.) and hydroxypropylmethy! cellulose, hypremellese (Methocell K4M, Colorcon Ltd., 
Orpington, Kent, U.K.) were all used as received. 





Infra-red thermography 

Infra-red (IR) therrmographic raeasurements were made using a Thermovisien 720 system 
having a scanner with an f/1-3, 12° germanium ins and as a reference radiation source, a type 
23A reference radiator (both Agema Infra-red “vstems U.K. Led., Leighton Buzzard, Beds, 
U.K.). The 720 system is based or refractive silicon optics, in which two rotating prisms 
provide point by point focusing of tue therrnal radiation from the skin surface on to a liquid 
nitrogen cooled indium—antimorade detector. The black and white images on the display screen 
were recorded photographically witha Polareid back type 107 camera on professional 667 film. 
The IR scanner was positioned normal to the patients back at a distance of o-7 m. The cross 
wires of a 1 cm? square aperture in a 4 cm’ perspex frame placed on the patient’s back allowed 
precise focusing of the camera, precise location of the reaction and also a reference linear 
dimension for the calculation of the area of inve vement. Thermography was carried out in a 
room with a steady ambient termperature of rypicaily 2341 °C. 

Evaluation of the thermograms wes achieved oy using the camera in the isotherm mode, in 
which isotherms (loci of points having the same tenyperature) can be superimposed on the infra- 
red image. Two parameters were recorded at a peactien site, the maximum isotherm level and 
the area of involvement delineated by the isotherm which marked the separation of the normal 
uninvolved skin and the ‘hot’ area. Using the thesmal emission of the reference radiator 
(33 +01°C) as a temperature @ancarc, the maximum isotherm level was converted to a 
maximum temperature within the area of invelvement. For any particular subject, the response 
has been expressed as Ar, the difererce between the maximum temperature within the area of 
involvement and that of the surrcunding, norma’ skin surface. The area of involvement, A, was 
measured by means cfa digitize tab et end intersctive pen which was traced around the area on 
the Polaroid print. 


Allergic responses 

Nickel sulphate was incorporated inno soluteon vehicle: 1-0, 05, 0-2 and 0-1, in water and 
0:2% in 1:0 aqueous SLS and into senn-sohd venicle: œ2° in 3-0",, hypromellose gel and r-o 
and o2% in WSP. These preparations were applied to each of 12 volunteer, non-atopic, 
subjects (10 female, two male: mean age 31-3 + 159 years) who kad been diagnosed as nickel 
allergic on previous attendances xt the clinic. The solutions (40 ul) were soaked into filter paper 





Thermographic assessment of patch-test responses 353 


discs in the Finn chambers (Epitest Ltd., Finland) and the semi-solids (12 mg) placed directly in 
the chambers. The patch-test chambers were applied to the back, under occlusion. The patches 
were left in position for 48 h and the responses assessed 1 hafter removal, both by thermography 
and visually on the basis of the accepted ICDRG criteria: + + + (3), extreme, vesicular, 
oedematous and weeping reaction;+ + (2), erythematous, palpable reaction; + (1), macular, 
erythematous reaction; + j— (0°§), equivocal reaction. The values in parentheses were used as 
clinical scores to subjectively quantify the severity of the reaction at each site and also to 
calculate a mean clinical response to any particular challenge for the group of 12 subjects. 


Irritant responses 

Solutions of SLS in water, 5-0, 2:0, 1-0 and 0-5, and a water control were applied using filter- 
paper discs and Finn chambers to each of 10 normal, volunteer subjects (4 female, 6 male; mean 
age 28-6+ 8-6 years) for 48, 24, 12 and 6 h. Two hours after removal of the patches, clinical 
assessment of the severity of the erythematous response was carried out in a blind manner by 
two independent observers according to a scale similar to that described by Willis eral.: + + + 
(3), severe erythema; + + (2), moderate erythema; + (1), faint well defined erythema; + /— 
(o-5), faint ill defined erythema; — (0), no visible reaction. The values in parentheses were used 
as clinical scores to subjectively quantify the severity of the reaction and to calculate a mean 
irritant response to any particular challenge for the group of 10 subjects. After the clinical 
assessment of the test areas, the reaction sites were examined by thermography. 


Allergic and irritant responses 

In a separate series of observations, the reactions to patch tests on patients attending the clinic 
for the routine patch-testing procedure for contact allergy were assessed thermographically. 
The 62 subjects (33 female, 29 male; mean age 39:7 + 16-1 years) were seen on their second or 
third visits to the clinic, i.e. 48 or 96 h after application of the patch tests, and had responded to 
one or more of the test materials. One-hundred and seventy-four reactions, which by the 
standard clinical criteria comprised allergic and irritant responses of varying degrees of severity, 
were observed. After the clinical assessment, the severity of the reaction at the response sites was 
assessed by thermographic measurements carried out by a second, independent observer. The 
ability of the thermographic parameters Az or A to allocate a thermographic response to a 
particular clinical reaction category (allergic or irritant) was tested by the MINITAB® version of 
linear discriminant analysis. 


RESULTS 


The clinical and thermographic responses in 12 nickel-allergic subjects to challenge with 
various nickel sulphate preparations are shown in Table 1. In general terms the results of the 
clinical evaluation were in agreement with the thermographic assessments. 

In the case of the series of nickel sulphate solutions in water, the apparent clinical severity of 
the response was concentration dependent. Thermographically, all of the allergic responses 
appeared as hot areas which in any one patient were hotter and larger with higher concentrations 
of the applied allergen. The thermographic measurements were more sensitive than clinical 
evaluation. By clinical assessment, discrimination between the responses to different nickel 
sulphate concentrations in water was not possible. However by thermography, in terms of either 
At or A, significant differences (Mann-Whitney U-test, 95% significance level) between nickel 
sulphate concentrations could be measured. 
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TABLE 1. The clinical and thermegraphic responses in = mixed sex 

group of 12 reckel allergic subjects ‘rwo male and 10 fermale), after 

challenge with various preparations of nickel sulphete. Mean 

responses + SE of the mean are shown. The clinical responses 

were meaned by summing the mrdavidual ICDEG scores, assign- 

ing a value ef os to equivocal reactions. and dividmg by the 
number of swhjects (12). 
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SLS, sediam laaryl sulphate; WSP, white soft paretiin; Gel, 
30°), hypromellose. 


Similarly, by thermography, the severity of the elicited respons: to nickel sulphate could also 
be shown to be vehicle-dependent and at a concentation of 0-2°., nickel sulphate, the vehicles 
could be ranked SLS > water = aypromellose > WSP (these differences were significant at the 
95; confidence level, Mann-Wnitney U-test). The allergic response to nickel sulphate (0:223) 
in SLS vehicle was most marked and in terms of åt or 4, was the same (Mann-Whitney U-test, 
95%, significance levels) as that te 1-0". nickel suiphate in water. C inically, such discrimination 
was not possible and only the poor performanse of the WSP vehicle could be observed. By 
themselves, WSP, hypromellose and water velicles produced neither clinical nor thermo- 


TABLE 2. The clinieal and thermograpiic responses, in a groap of male (M) 

and female (F) mon-atopic, non-nicke! aMergic subjects, at 43 h after topical 

challenge with o 2°, nickel sulphate ir 10°% SLS solution and with roi 
SLS solation ‘control). Irria response shown æ I. 
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FIGURE 1. The irritant, erythematous, response in a group of ro normal subjects (six male and four 
female), to topical challenge for 48 h with various concentrations; 0, 5%; @, 2%; E, 1%; E, 05%, of 
sodium laury! sulphate solution. 


graphic reactions. SLS produced clinical irritant reactions which were ‘cold’ thermographi- 
cally. In non-nickel allergic subjects (Table 2), nickel sulphate in SLS was irritant. 

As far as the assessment of the irritant reaction to topical challenge with SLS was concerned, 
the clinical, erythematous response was found to be concentration dependent (Fig. 1) and in the 
case of a fixed-challenge concentration of the irritant, 5-0°,,, was also found to be dependent on 
the duration of exposure to the irritant (Fig. 2), although in some subjects the longest exposure 
time of 48 h did not elicit the strongest response. Thermographic assessment of all of these test 


E F G 
Subject 


Response 
p 





HEHRHHIRHHIR EEH RHH EERSTE EER Sat 
TRUTH HRA TE: 


AUS DEES GES ERS LEST EEE ELE REG TEAT ETB EEE 
EHIH HIHHH ESSELTE ED EEGR TLE E ARES ETL EES EER SPREE EE 
SEUETE PEER TES EH Be HE Ea a 


ESERTPRELSTS EST ERLE ETHER EASEAT HL ERSH TEE 


THE HEHEHE: 
BHHHRHREHIHHHIS 


> 
te 
0 
w 
IT 
£ 


FIGURE 2. The irritant, erythematous, response in a group of ten normal subjects (six male and four 
female), to topical challenge with 5°, sodium lauryl sulphate solution for various contact times; 0, 48 h; E, 
24 h; @, 12 h; @, 6h. 


356 A J Bailie et al. 


TABLE 3. The results cf clieical and thenmograpaic 
assessment of the patch-cest responses, at 4% or 96 h in 
a group ef subjects (male amd female’, attending the 
CD clinic for routine investigetive testing. On the basis 
of the clmical assessment (KORG criteria, allergic, 
Severity 1-3, irritant, I, equiwecal, E) the suajects, who 
had responded to adiverse range of test materials, were 
allocated to the appropriate clinical respense graup 
shown, then assessed thermpographically. The mean 
thermographic responses SE of the mean are shown. 
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sites, revealed that their temperature was not sgnificantly. different from the surrounding, 
normal, skin surface and that there were no hot areas which were typical of the allergic reaction. 
Thermographic assessment at several time intervals, 2, 4, 6 and 24 h, after removal of the 
patches also failed to reveal hot areas. Similarly, in any of the 12 subjects challenged with the 
various nickel sulphate formulations (Table 1), application of re% SLS vehicle alone as a 
control did not elicit a thermographic respense. although clinically there were five irritant, 
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FIGURE 3. A plot of the data in Table 4 to show the relationships between the clinical score and the 
thermographic assessment of the imtensity (Ar, °C) amd area of involvement (A, cm?) of allergic and 
irritant reactions to diverse topical challenges. The x-axis shows: allergic (severity 3-1), equivocal, E and 
irritant, I, reactions. 
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three equivocal and four negative reactions. In addition, in six subjects who were not sensitized 
to nickel (Table 2), none of the irritant reactions elicited by SLS were ‘hot’ as determined by 
thermography. In this latter group, there was no evidence of a synergistic or additive effect 
between nickel sulphate and SLS in terms of the incidence of the irritant reaction or in terms of 
the severity of this reaction. 

Table 3 and Figure 3 show the results of using the thermographic technique to assess 174 
patch-test responses subsequent to routine clinical diagnosis. It can be seen that there was a 
good correlation between the clinical scoring and the observed temperature and area of 
involvement, such that the 3 + allergic responses were the ‘hottest’ and had the greatest area of 
involvement and those diagnosed as irritant, the ‘coldest’ with the smallest area of involvement. 
At and A were equally effective in differentiating between allergic and irritant reactions. Linear 
discriminant analysis showed that either of the thermographic parameters, At or A, could be 
used to classify a response as allergic or irritant and in this respect the extent of the agreement 
with the clinical diagnoses was 80°; for allergic and 92°; for irritant reactions. 


DISCUSSION 


It is generally accepted that the severity of the patch-test response in subjects tested with known 
allergens is proportional to the concentration of allergen applied, so that the severity of the 
responses to different formulations of nickel is a measure of the topical bio-availability of the 
allergen from these formulations. Thus, WSP was a ‘poor’ vehicle for nickel sulphate since the 
salt is present as an insoluble solid and thermographically, 110%, nickel sulphate in WSP elicited 
as severe a response as 0-2”, nickel sulphate solution. In the hypromellose gel however, the 
nickel sulphate is present in solution form and in this vehicle elicited a more severe reaction. 
‘There was a greater topical bio-availability than with the same concentration of 0-2°%, allergen in 
WSP. The marked allergic response to 0-2°, nickel sulphate in 1-0°, SLS vehicle was a novel 
finding and presumably is an indication, at least in part, of the ability of this surfactant to 
enhance penetration of the allergen to the effector cells of the immune response. Enhanced 
penetration is in accord with the marked ability of SLS to disrupt skin barrier function as 
measured by TEWL.® In this regard, the large area of involvement associated with the SLS 
vehicle, which was revealed by thermography, is significant and probably represents an 
increased lateral spread or penetration of the allergen. Further support for a purely penetration- 
enhancing role for SLS comes from the observation that in nickel allergic subjects, the irritant 
effects of 1:0% SLS on its own were as expected for this concentration and in subjects with no 
nickel allergy, nickel sulphate had no effect on the irritant reaction to topical SLS. In nickel- 
sensitive subjects however, it may be that the apparent high potency of the combination of nickel 
sulphate in SLS also represents the result of an in situ interaction between the irritant and 
allergic responses. 

Although thermography provided more information than clinical assessment and could be 
used to quantify the responses to topical nickel challenge in allergic subjects, its ability, on the 
basis of the present data, to discriminate between 1+ allergic and equivocal reactions, was 
apparently poor. The equivocal reactions present the greatest problem in diagnosis. This lack of 
discriminatory power was in part due to the apparent variability of the thermographic data and 
so for example, the differences between the mean thermographic values, of Az and A, for allergic 
responses scored clinically between 3+ and 2+, were not statistically significant. 

It must be stressed, however, that the data in Table 3 and Figure 3 represent comparisons of 
the subjective, clinical scorings with the objective thermographic measurements. In effect, 
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responses were assigned to the aroas clinical «core categories; allergic (3, 2, or 1), irritant or 
equivocal, prior to the thermogrephic measurements and it is instructive to examine this 
procedure as a source of the apparent variability ef ‘he thermographic data. There was of course 
inter-subject variation in the thermegraphic response which was perhaps compounded by the 
fact that the thermographic measurements were carried out on test sites at 48 or 96 h after 
application of the patches and that a wide drversity of allergens was involved. However, 
probably the most important contributory facter # variability in the thermographic data was 
clinical misdiagnoses. Thus, the group of respoases scored clinically as allergic 3 +, included 
two which were not ‘hot’ by thermography and which might therefore on the basis of 
thermography be described as irritant rather than allergic reactions. Similarly, the erroneous 
allocation of a weak allergic response to the clima ly irritant group would greatly increase the 
variability of the thermographic scoring of the latr type of response. 

The extensive areas of involvement, characteristic of severe allergic reactions, which could 
only be observed by thermograpny, were large enough to encompass adjacent patch-test sites if 
the standard spacing of the Fian chambers wis used. This observation may be of clinical 
significance in that during routne tse, with the standard spacing between patches, a severe 
response may as a consequence prejudice the nature of the responses at adjacent sites. 

The most interesting finding was the apparert ability of thermography to differentiate 
between allergic and irritant responses, the former being ‘het’ and the latter ‘cold’. Although the 
controlled studies have involved only one allergen. nickel sulphate, and one irritant, SLS, the 
thermographic observations of the responses tə diverse allergens and irritants provide 
confirmation of the findings made with these two test agents. It is also significant that a 
measurable thermal response to 3LS could not be cbtained over a range of SLS concentrations, 
a range of contact times with the irritant and for sither of these conditions, an assessment at 
various times after removal of the patches. Although the reason for the thermographic 
difference between allergic and irritant responses is not immediately apparent it presumably 
reflects underlying differences at the cellular or sabcellular level. Several studies ’~'* have failed 
to identify any major qualitative differences between these reactions in terms of the types of cell 
appearing or being recruited to tne site or in termas of the apposition of interacting cells such as 
lymphocytes and Langerhans cells. There is some evidence however that the number of 
Langerhans cells at the reactiom site is decreasec in am irritant response and in an allergic 
response is initially increased before reverting back to normal, > t° 

Some of the described differences between allege and irritant reactions may, however, havea 
bearing on the thermographic cbszrvations described here. Allergic reactions are associated 
with an increased production in the sxin of araciedanic acid and some of its metabolites such as 
prostaglandin E, and in seme subjects leuketrizne Ba, which is not the case in irritant 
reactions.'!’ The extent of perivascular dermal iwa trate is much smaller at irritant response sites 
than at allergic response sites'® and high-frequency ultrasound measurements show that the 
extent of the oedema of allergic responses is greater than the smaller, more superficial oedema of 
an irritant response. TEWL has been described 2s a means of differentiating between allergic 
responses to nickel in sensitive individuals and ir-itant responses to SLS* and a characteristic of 
the latter is an increased TEWL, which was not observed før allergic responses except for severe 
reactions caused by prolonged exposure to the allergen when the decreased barrier function 
observed was probably a secondary manifestatien of the mHammatory response. 

Thermography provides information on the radiative heat loss from the skin surface.'*® An 
area such as an allergic reaction site which appears ‘hot’ 1s at a higher equilibrium temperature 
than surrounding skin because of increased hest -ransport from the core as a result of local 
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vasodilation and/or increased local metabolic activity. On this basis it was to be expected that a 
high temperature would be found at the site of an allergic response and indeed allergic response 
sites which were ‘hot’? by thermography have been described.'??° The lack of a thermal 
response at the irritant response site was not expected and this finding is at variance with that of 
Branemark et al.'!” who reported that irritant responses were ‘hot’. 

It is not immediately apparent why we were not able to detect an irritant response by 
thermography. However we have observed that at a severe allergic response site where the skin 1s 
broken, any drops of tissue exudate appear, by thermography, as ‘cold’ spots within the hot area 
of involvement. Similarly small drops of water placed on the surface of normal skin appear ‘cold’ 
by thermography, presumably as a result of evaporative cooling. It may be then that the: 
increased TEWL associated with an irritant reaction* provides sufficient evaporative cooling to 
counteract any heat production arising as a result of metabolic activity or vasodilation, allowing 
the response site to maintain a neutral heat balance so that its temperature is not detectably 
different from that of the surrounding normal skin. 

Infra-red thermography is a sensitive, non-invasive technique which provides a means of 
quantifying allergic reactions and the interaction between the allergen and the vehicle used to 
apply it to the skin of the allergic subject. It would seem that it also provides a means of 
discriminating between allergic and irritant reactions and evaluating equivocal responses. 
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SUMMARY 


It has been alleged that the exposure of a transdermal delivery system to leakage of microwave 
radiation from a domestic microwave oven can result in the user receiving a second-degree burn 
in the area of the patch. Several transdermal delivery systems were exposed to microwave 
radiation from an Electro Medical Supplies .Microtron 200 microwave diathermy unit. 
Temperature rises of up to 2°2°C were recorded at a maximum power density of 800 W/m’. 
‘These temperature rises were considered insignificant compared to that required to produce a 
burn. The exposure of transdermal delivery systems to a microwave diathermy field or lower 
level leakage radiation from a microwave oven is unlikely to cause direct thermal injury to the 
wearer. 


Systems for the sustained, long-term transcutaneous delivery of drugs are becoming increas- 
ingly popular in the treatment of a variety of disorders. One such system is Transiderm Nitro-10 
(Ciba-Geigy Pharmaceuticals, Horsham, W. Sussex, U.K.), a preparation of glyceryl trinitrate 
contained in a patch which is applied directly to the skin for prophylaxis of angina pectoris. The 
average absorption rate is 10 mg per 24 h. The potential hazard associated with glyceryl 
trinitrate and defibrillation has been recognized’? and the data sheet accompanying the product 
carries a precautionary statement in this regard. 

A case has been reported in which a §1-year-old man presented with a second-degree burn in 
the area of his Transiderm Nitro-ro patch.* The patient had been sitting next to a domestic 
microwave oven when it was switched on and it is alleged that the burn was caused through 
heating of the adhesive strip of aluminized plastic in the patch by a leakage of microwave 
radiation. Unfortunately, the power density of the stray field was unknown, but if transdermal 
delivery systems can couple into leakage fields from domestic microwave ovens and cause burns, 
then this would constitute a serious drawback to their usefulness. Also, exposure to the 
microwave diathermy fields as used in physiotherapy, which are many times greater in 
magnitude, would be a cause for concern.* 

The purpose of this investigation was to determine the temperature rises induced in 
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transcutaneous delivery patches, including Trensiderm Nitro-ic, exposed to conditions of 
known field strength from microwave diathermy equipment sim lar to that used in physio- 
therapy departments. 





The microwave source was an Eiectro Medical Supplies Microtrom 200 microwave diathermy 
unit emitting radiation at 2:45 GHz. Power density was mapped using a Narda Isotropic 
radiation monitor, comprising a raodel 8633 probe and mode! 8611 metering instrument. This is 
sensitive within the frequency range ro MHz-26 GHz with adynarric range of 1-e-1000 W/m’. 

Four commonly used patches were irradiated Transiderm Nitso-10 (Ciba Geigy); Scopo- 
derm (Ciba-Geigy); Estraderm (Ciba-Geigy); and Depenit (Schwarz Pharma, Chesham, 
Bucks, U.K.). 

The experiment was conducted in achamber limec with Eccosorb .oaded dielectric material in 
order to minimize reflections. The power density of the microwave field was mapped and then 
each patch was placed at a distance of o't m from the applicator et a position of maximal field 
strength. The patches were exposed for 5 min to erange of powers us to the maximum available 
(200 W) corresponding to a power density range of 140-800 W m°. The temperature was 
measured before and immediately after exposure using a thermocouple probe, which was 
removed while the field was apphed. 





RESULTS 


The results are shown in Figure 1. Temperature rise increased with power density. The four 
patches registered temperature rises of 1-4-2-2°C at the maximum power density of 800 W/m’. 


DISCUSSION 


Three of the four patches investigated have achesive strips of aluminized plastic and one 
(Estraderm) has no metallic element. The heating of the patches may have been caused, at least 
in part, by oscillations of polar molecules in the drug preparation under the influence of the 
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FIGURE 1. Temperature rise of the traredernzal patches against power densay of the microwave field. 


n, Deponit; a, Scopoderm; @, Transiderm Nitro: + ,Estraderra. 
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electric component of the microwave field. This would occur without any metallic element 
being present. All four samples, including Estraderm, showed a clear relation between 
temperature rise and power density. 

It was alleged that the aluminized plastic of a Transiderm Nitro-1o patch coupled into the 
microwave field leaking from a domestic microwave oven and this induced a temperature rise 
sufficient to cause a second-degree burn, but our results do not support this. The British 
Standard 5175° sets a maximum permitted level of 50 W/ m” for the power density at a distance 
of 50 mm from a microwave oven. We have recently reported results from a total of 662 surveys 
of microwave ovens over an 8-year period® in which the maximum power density recorded at a 
distance of 50 mm from the oven operating with the door closed was 200 W/ m?’. According to the 
results of the present study, this would cause a temperature rise of less than 1°C in the patch. 
The highest level of leakage radiation recorded during the reported survey while opening the 
door of an oven was 600 W/m? at 50 mm and which would induce a temperature rise of only 2°C 
in a transdermal patch. 

Of greater concern is the possible danger of exposure to microwave diathermy in 
physiotherapy departments. Our results show that at the maximum power setting of 200 W, the 
temperature rise was less than 3°C. This rise is insignificant compared to that which would 
produce a burn. 

We conclude that the temperature rise induced in Transiderm Nitro-10, Scopoderm, 
Estraderm and Deponit by leakage from a microwave oven or under direct exposure during 
microwave diathermy would be unlikely to cause direct thermal injury to the wearer. 
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SUMMARY 


Catalytic and immunoreactive erythrocyte uroporphyrinogen decarboxylase was measured in a 
woman with hepatoerythropoietic porphyria (HEP). The uroporphyrinogen decarboxylase 
activity was 24°%, of the mean value for normal controls and the concentration of the 
immunoreactive enzyme (106 ng/mgHb), measured with the rocket immunoelectrophoresis 
technique, did not differ from that of healthy controls. Consequently, catalytically inactive, 
cross-reactive immunological material (CRIM) was present, and the patient was CRIM- 
positive. This enzyme activity and immunoreactive enzyme concentration differs from those for 
previously known HEP patients, and represents a new mutation, evidence for heterogeneity in 
inherited uroporphyrinogen decarboxylase deficiency. 


Hepatoerythropoietic porphyria (HEP) is a rare variant of porphyria cutanea tarda (PCT) and to 
date, a total of 16 cases have been reported. 114 On the basis of family examinations,'° it was 
shown that HEP was probably the homozygous form of familial PCT, and this was later 
confirmed.!°:!!+!4 The characteristic enzyme deficiency is the same in both PCT’® and HEP!??: 
a decrease in the activity of uroporphyrinogen decarboxylase. Whereas the enzyme activity 
in familial PCT is about 50% of the normal level,'™!15t7 in HEP the decrease is more 
marked.!°-!2:!415 The catalytic activity and the immunologically measured enzyme protein 
concentration revealed the existence of two different groups. In one group of HEP patients, the 
immunoreactive protein was decreased to the same extent as the catalytic activity (cross-reactive 
immunological material (CRIM)-negative mutation).'°'* In the other HEP group,'” the 
reduction in catalytic activity was not accompanied by a parallel decrease in the concentration of 
immunoreactive enzyme. Catalytically inactive CRIM was present (CRIM -positive mutation). 
Recently, a uroporphyrinogen decarboxylase mutation was reported’? in which the enzyme 
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protein concentration was dimanished toa level ower t 
the enzyme activity was higher than expected at 16°. 

An investigation is reported of the catalytic activity of uroporphyrinogen decarboxylase and 
the level of immunoreactive enzyme protein ine HEP patient in whom the enzyme deficiency 
proved to be a mutation which ciffered from all previously knoven cases. 


`, 


an 7°, of that in healthy controls, while 











Patient 
The patient is the female of sibings with HEP who were first presented as unusual cases of 
familial porphyria and have previousiv been reported.° 





Methods 
Urinary and faecal porphyrins were analysed ky means of thin-layer chromatography; i7? 
erythrocyte porphyrins were determined fluerimetrically.” >74 

Uroporphyrinogen decarboxylase activities were measured in haemolysates of anti-coagu- 
lated whole blood samples, with pentacarboxyl-porphyrinogen IH as substrate. [mmunoreac- 
tive uroporphyrinogen decarboxylase in the erytarocytes was determined by electroimmuno- 
assay in agarose gels (rocket immunoelectroporesis) with a rabbit antiserum to human 
erythrocyte uroporphyrinogen decarboxylase. The rockets were visualized by autoradiography. 
Uroporphyrinogen decarboxylase concentration was determined with purified human erythro- 
cyte enzyme as the standard.** 


RESULTS 


Sclerodermoid skin changes have been the most characteristic clinical feature of our patient over 
the 20 years of follow-up.° These changes hawe slowly worsened with time. Although the 
porphyrin excretion of the patienc has changed slightly, the porphyrin pattern characteristic of 
HEP has been maintained throughout the whole period 

The average urinary total porphyrin level was found to be 5579 g/day; over 2 years, values 
above 10 000 yg/day have been measured several umes. The dominant fractions were uro- and 


TABLE 1. Porphscin analyses 





Toal (ug day) 5579 
Faecal total porpherim: we! z) RY 


idre sarmple} 


Plasma pecphyrin (ug/il “urc) 29 
Erythrocyte porphyrin (vadl) 466 
ig2”, free and 38°. zimo-proto) 
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TABLE 2. Erythrocyte uroporphyrinogen decarboxylase 
activity with pentacarboxyl-porphyrinogen III as sub- 
strate 


aa 


Healthy controls 14°9-30°2 pmol/min per mgHb 
(n= 20) 
Average 19°7 

Our HEP patient 48 pmol/min per mgHb 


TT al 


heptacarboxyl-porphyrin, but the levels of other fractions were also markedly elevated. As in 
the faeces, the 4-carboxyl-porphyrin was a mixture of coproporphyrin and isocoproporphyrin. 
The faecal total porphyrin level was only slightly enhanced. Porphyrin levels in the blood were 
strongly elevated, with uroporphyrin in the plasma, and protoporphyrin in the erythrocytes. 
The erythrocyte porphyrin was present as free and zinc-chelated protoporphyrin. The results of 
porphyrin analyses are summarized in Table 1. 

As expected from the dominant fractions (uro- and heptacarboxyl-porphyrin), the uropor- 
phyrinogen decarboxylase activity was 4'8 pmol/min per mg haemoglobin, which was 
significantly lower than that in healthy controls (Table 2). The immunoreactive uroporphyrino- 
gen decarboxylase level in the hacmolysate of the patient was 106 ng/mg haemoglobin, which 
was almost the same as the mean value for healthy controls (Fig. 1). In our HEP patient, enzyme 
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FIGURE 1. Rocket immunoelectrophoresis of erythrocyte uroporphyrinogen decarboxylase. 1, 3, 55 D 
10 = standards containing 86, 69, 53, 35 and 18 ng enzyme; 2, 4, 8 = parallel samples from patient with 
HEP; 6 = familial PCT (67 ng/mg Hb); 9 = healthy control (121 ng/mg Hb). 
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protein was present in a similar concentration vo the controls, but its catalytic activity was 
markedly lower than normal. The patient is CR! 





_s-positive (Table 3), 


DISCUSSION 


To date, uroporphyrinogen decarboxylase activities in patients with HEP have been measured 
by several authors ‘Table 4). in the majority ef HEP patients investigated so far, the 
uroporphyrinogen decarboxylase-activity ranged »e-~ween zand 13°, of that in controls (average 
7°o). A considerably different enzyme activity has been reported previously only by Toback er 
al.,'* in a single case, in whom the activity was 27“, of the normal value (or 16%, based on the 
initial velocity of the enzyme reaction).!*° Theersthrocyte uroporphyrinogen decarboxylase 
activity in Our patient was 24°.,, which was similar to that in the case of Toback et al.,'* and 
markedly differed from the values in other HEP patients. This 24°, activity is relatively high for 
HEP, but differs from the values for familial PCT cases where there is usually a 50°, decline in 
activity. !> 

Immunological investigations of uroporphyrizogen decarboxylase in patients with familial 
PCT have so far proved these cases to be CRIM-negative.'”? As shown in Table 4, some HEP 
patients were also CRI M-negative. In the CRI M-negative mutation, the catalytic activity of the 
enzyme and the quantity of immunoreactive enzyme protein are decreased to the same extent 
(average 7°, of normal value). and the actiwity/mass ratio was r. In our patient, the 
immunoreactive enzyme concentration was that feued in healthy coatrols, and only the catalytic 
activity of the enzyme was lowered. The activity/riass ratio was < I ‘CRIM-positive mutation). 
CRIM-positivity has previously been feund in the HEP patients reported by Lim and Poh- 
Fitzpatrick,'* and investigated for this purpose br Sassa ef al.!° In these cases the enzyme 
activity was decreased by approximately the same extent ‘to 13:6 and 8-8°%.,) as is usual in other 
HEP patients (see Table 4) and our patient, with her higher enzyme activity, was clearly 
different from them. The results for our patiers giso differed fram those of the ‘mild HEP 
patient’ investigated by Toback er a/.'4 and by Fwite et al.,*° where in both the proband and the 
proband’s parents and descendants, the enzyme activity was decreased to a lesser extent than the 
immunoreactive protein, and where the activity,mess ratie was > 4. Our patient, with a 24°% 
enzyme activity and CRIM-positivity, differed “ron all the HEP patients so far tested, and 
represents a new mutation for the deficiency of ercporphyrinogen decarboxylase. 

The characteristic clinical features of our patient were marked sclerodermoid changes with 
mutilation, hypertrichosis and extremely elevated oorphyrm excretion,® as well as increased 
levels of free and zinc-chelated protoporphyrin ir the erythrocytes and only a slight response to 
phlebotomy therapy. The patient nad 24%, activity cf uropcerphyrinogen decarboxylase and was 
CRIM-positive. 











TABLE 3. Lmmunoreactive uroporphyrinogen 
decarboxylase concentrates in the erythro- 
cytes (ng/meg Eb) 


Contrls TI 46 
{r = 20} 
Averag or 


Our HEP patient sat CRIM-positive 
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TABLE 4. Abnormalities in the catalytic and in the immunoreactive enzyme protein concentration of uroporphyrinogen 
decarboxylase in HEP patients 





Erythrocyte uroporphyrinogen decarboxylase 


SIENA ata teltctetiretennae AeA Sina Y RARERPEVERAUAI SARA ansas iiin 


Age Activity Activity/mass ratio 
Case Author (year) Sex (%, of normal control) (ratio to normal control) 
I Gunther! 16 F —- — 
2 Aguade et al.* 42 F 6-9 == 
3 Hofstad et al.’ 4 M = — 
4 Brenan;? 3 F g* _ 
Czarnecki? 
5 Aguade et al.’ 8 F 6-9 -— 
6 Simon et al.® 60 M = os 
Currently examined case: 
7 Simon et al.® $7 F 24 <1 (CRIM-positive) 
8 H6nigsmann and Reichel’ 63 F ~— ~ 
9 Day and Strauss” 12 M — ~= 
10 de Verneuil et ai.;'° i F 5:2 = 1 (CRIM-negative) 
Sfar ert al. +’ 
i de Verneuil er al.;!° 7 F 52 = 1 CRIM-negative) 
Sfar et al, '® 
12 Lazaro et al"? 2 F 28-32 _ 
13 Lim and Poh-Fitzpatrick;'* 4 M 136 <1 (CRIM-positive) 
Sassa et al.'? 
14 Lim and Poh- Fitzpatrick; '? 9 M 8-8 <1 (CRIM-positive) 
Sassa et al.'? 
15 Bundino er al.'° 10 M 73 — 
16 Toback et al.;'* 31 M 27-28+ >I 


Fujita et al. ?® 


* Measured in fibroblasts. 
fOr 16°, based on the initial velocity. 


It has been suggested'* that HEP patients with a mild uroporphyrinogen decarboxylase 
deficiency are not homozygous for a single defect at the uroporphyrinogen decarboxylase gene 
locus, but are double heterozygotes. This may be the case in our patient, but there are no other 
family members available for investigation. However, this case is further evidence of 
heterogeneity in uroporphyrinogen decarboxylase deficiency. 
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SUMMARY 


The administration of Factor XIII (FXIID produces a beneficial effect on the skin lesions in 
about 50% of the treated patients with progressive systemic sclerosis (PSS). The effect of FXIII 
on various skin fibroblast functions (proliferation, attachment, biosynthetic activity and 
mechanical properties) was investigated in vitro using normal and PSS strains. In cell culture, 
most of the PSS fibroblast strains synthesized excessive amounts of collagen. Other cell 
functions such as adhesion to collagen I or III, to fibronectin, retraction of collagen lattices, 
proliferation in low serum concentration and degradation of newly synthesized collagen were 
not significantly different. The addition of FXIII (1 U/ml) inhibited the synthesis of collagen by 
normal fibroblasts and reduced it in PSS fibroblasts to a level similar to that of normal 
fibroblasts. This effect was observed for cells cultured on plastic or in a collagen lattice. In the 
latter, an increased amount of collagen degradation was observed. No significant effect of FXIII 
on the other cell functions was noted. Excessive collagen production by PSS fibroblasts can be 
repressed by FXIII im vitro by at least two distinct mechanisms: a reduction of collagen 
synthesis and an increased degradation of the newly synthesized collagen. 


Scleroderma (progressive systemic sclerosis (PSS)) is a clinically variable disease characterized 
by excessive accumulation of collagen in various tissues leading to sclerosis of the skin, internal 
organs and blood vessels. 7 The aetiology of such collagen accumulation is not known. Some 
authors found no difference in collagen synthesis between normal and scleroderma fibroblasts in 
vitro” while others found substantial evidence that collagen synthesis by scleroderma fibroblasts 
is abnormally elevated.* This observation suggests either a defect in the regulation of collagen 
synthesis by scleroderma fibroblasts or a selection of high collagen producing cells from 
heterogeneous population of fibroblasts in the scleroderma dermis." More recent work suggests 
a microvascular origin in the pathogenesis of PSS.® 

Although many different therapies have been tried in the treatment of scleroderma, all have 
failed to completely cure the patients. Factor XIII (FXIII) was first used in 1975,’ and the 
results of a long-term follow-up of 86 PSS patients treated by intravenous administration of 
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FXIII have been recently published." A lasting effect was observed in one half of the treated 
patients with improvement of the skin but not e7 riseeral lesions. 

FXII] is the transglutaminase of bleod coagul tien and is able to covalently cross-link several 
fibrous proteins such as fibrin to fibrin,” fibromec:in to fibronectin,’° fibronectin to fibrin,’ 
fibronectin to collagen,'? collagen to cellagen'* or macromolecules to other proteins. '*-+° In 
vitro, FXIII has been found to modulate sever:! cell functions. It enhances the fibronectin- 
mediated attachment of transformed pulmonary embryonic rat epithelial cells to collagen I’” 
and allows them to retract a three-dimensiona) collagen lattice.” FXIII stimulates the 
fibronectin-mediated attachmesat of fibroblasts to fibrin and their proliferation on this 
substrate.!! It has also been reported tc enhanc: tie multiplication of mesenchymal cells?! of 
vessel wall and tumour cells.?* FXII also inhitets:the migration of epidermal cells on a plastic 
support?’ and makes fibrin cheraotactic for skir: Abroblasts {personal observation). Our recent 
data demonstrated that FXII] simulated collagen synthesis by fibreblasts included into three- 
dimensional fibrin gels but inhibited collagen synthesis by fibroblasts cultured on plastic or in a 
collagen lattice.** 

This study compared various functions of merma! and OSS abrobiasts, with and without 
exposure to FXIII, in vitro and in vive. 


METEOPS 


Materials 

The following reagents were used: metayl-[“H -thymidine (3-4 Ci/mmol) and 5-(°H]-proline 
(10 Ci/mmole) (New England Nuclear, Bosten, MA, U S.A.); culture media and trypsin 
solution (Gibco, Grand Island, NY, U.S.A.}; and fetal calf serum (Gibco, and Flow 
Laboratories, Brussels, Belgiurm); tissue culture plates, 24 well-plates for attachment assay and 
bacteriological dishes (NUNC). factor XIII subunit A (62-5 U/m!) and thrombin (30 U/ml) 
(Behringwerke) and bis-benzimidazc! H33258 (Hoechst). Plasma fibronectin was purified using 
the method of Yamada?’ and was mere than 95°. pure. Collagen types I and HH were purified 
from fetal bovine skin as previously described?" 2nd kept sterile at a concentration of 1 mg/ml in 
0-1% acetic acid at — 20°C. For the preparation for cel] attachment support the collagen was 
previously dialyzed against 0-01 mol/l NaH,PO."asHPO,, 0:3 mol/l NaCl, pH7-4. FXII was 
activated (FXIIIa) by adding ¢-1 U of throm in per U of FXII in serum-free Dulbecco’s 
modified Eagle’s Medium (DMEM? with incubator for 14 min before addition to the culture 
medium. 


Cell culture 
Skin fibroblast cultures were initiated by cell ot 





tgrowth frem explants dissected from biopsies 
taken from the forearm (F) or the abdomen («) of healthy volunteers or from patients with 
scleroderma (PSS). When indicated, reticular R` and papillary (P) dermis were separated by 
dissecting the skin before using the explants. Informed consent was obtained from all the 
patients. 

The cells were grown in RP MI medium susp emented with 10%, fetal calf serum (FCS), 
ascorbic acid (so pg/ml), penicillin-streptomycin (noo U/ml) and fungizone (2°5 ug/ml) and 
transferred at 1/3 dilution after trypsimization (0 1%, trypsin, c-02° EDTA) when reaching 
confluence. Twenty-four hours before use, the medium wss replaced by bicarbonate-buffered 
DMEM supplemerted with ro% FCS, glutamine ascorbic acid, penicillin and streptomycin as 
above. In all experiments, fidreblasts were used at a low population doubling level between 
passages 3 and 8. 
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Preparation of collagen lattice 
Collagen lattices were prepared in the absence and presence of FXIIIa as previously 
described.?° 


Cell attachment assay 
Preparation of coated collagen I and III polymers and fibronectin as attachment supports as well 
as the attachment assay were performed as previously described.!? 


DNA measurements 
The DNA content was measured by the fluorimetric technique of Labarca and Paigen?’ on 
aliquots of sonicated cells or lattices. 


Cell proliferation measurements 

The effect of FXII on multiplication of normal and PSS fibroblasts was tested on sparse (2000 
cells per cm?) and on 2-day post-confluent cultures. Cells were made inert by culturing them 
from 18 hin DMEM supplemented with 0:1% FCS dow serum medium) and, when indicated, 
1 U/ml of FXIIIa was added. Labelling was then performed for 8 h by adding [°7H]-thymidine 
(3:75 uCi/ml) in fresh low serum medium. After washing and sonication of the cells, DNA 
content was determined as above and thymidine incorporation was measured by precipitation 
with cold trichloroacetic acid (TCA, 30% final concentration) 1 h at 4°C. The precipitate was 
collected on Whatman GFA filters and the retained radioactivity measured in a LKB liquid 
scintillation spectrometer. 


Metabolic labelling 

Protein and collagen synthesis were determined by isotopic labelling with [*H]-proline (10 uCi/ 
ml) as previously described for monolayers of cells or collagen lattices.?* Labelling for cells in 
the monolayer was performed 2 days after confluence and for cells in lattices, 1 day after forming 
the lattice. 


Patients, treatment and climcal studtes 
Three patients with generalized scleroderma were selected for treatment with FXII. All three 
consented to a akin biopsy before and after two courses of therapy with FXIII. 


Patient r. A 41-year-old road worker had suffered from Raynaud’s phenomenon for 2 years. 
His hands were swollen and cyanotic and the mobility of the joints was limited and he had 
multiple ulcers of the pulps of the digits that had left pitted scars. He had moderate dyspnea and 
a restrictive and obstructive lung disease. The lower third of the oesophagus showed slow 
peristalsis and the chest X-rays showed interstitial fibrosis of both lungs. X-rays of the hand 
revealed distal erosions of the second and third digits. Capillaroscopy was compatible with 
scleroderma and the skin biopsy of the forearm was suggestive of the disease. Speckled 
antinuclear antibodies were present in moderate titre. After receiving 1250 U of FXIII daily 
(Fibrogamin®, Behringwerke) by i.v. for 15 days the suppleness of the skin had increased and his 
cyanosis was less marked. The second course of FXIII (1250 U/day for 16 days) was 
administrated 1 month later. Following this treatment the improvement of his skin persisted 
and the motility of the oesophagus improved though the lung function studies showed no 


change. 
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Patient 7. A 19-year-old Tunisian gir! presented with sclerosis of the extremities and 
Raynaud’s phenomenon that she had sutered from for 6 years. Over the last year the sclerosis 
had progressed to involve almost all the skin. The mobility of the tongue was reduced. She also 
had restrictive lung disease with redwced diffusion and erosions on the distal parts of all her 
digits, a marked reduction in the motility of the lower two-thirds of the oesophagus and 
extensive sclerosis of the dermis. Speckled ane nuclear antibod:es were positive. The skin 
biopsies showed extensive sclerosis of the reticular dermis and the aypodermis. After receiving 
the two courses of FXIII, 1250 Uday for 21 days and 15 days, most of the abnormal signs were 
unchanged apart from an improved motility of tae oesophagus. 











Patient 8. A 22-year-old gir! presented with dyspnea and had suffered frem Raynaud’s 
phenomenon of both hands for t year. She hac undergone cervical sympathectomy on both 
sides. She was asthenic, had lost 15 kg and comm lained of stiffness of the extremities and had 
dysphagia. A skin biopsy showec advanced scleraderma. The motility of the lower oesophagus 
was reduced and lung function tests imdicated restriction with reduced diffusion. Chest X-rays 
showed an interstitial fibrosis. The bones of the fregers were osteoporotic at their ends. Speckled 
type antinuclear antibodies were present. The capillaries of the nail-bed were reduced and 
ectatic. After receiving FXIII 1250 U/cay for rs days and a second course of ró injections of 
1250 U 1 month later she had a subjective improvement of the stifiness of the skin and was less 
weak, but all the other signs were unchanged. 

Patients 9, 10, and 11. These had systemic scleroderma and were-observed by T.Krieg et al oe 
The cultures of fibroblasts were taken from skim of involved areas. 


RESE ETS 


The percentage of adhesion (Fig. 1) en type I ard type TIT collagen and on fibronectin did not 
significantly differ between normal and PSS fibroblasts. FXIIa did not modify attachment. 
When included into collagen lattices, acrmal ami PSS fibroblasts retracted the gel to the same 
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FIGURE 1. Attachment of normal IN) (2) end sclereierma (PSS) () fibroblasts (2 x 10° cells in 500 jil 
serum free DMEM per well) in 3¢ min w 19 gg of dried collagen I (A) or I? (3) polymers or Gbronectin 
(C) in absence ( — } or presence ( + Jof: U/mlof FXIT ia. Each column represents the mean of attachment 
of five strains of N fibroblasts or of 13 straans of PSS fibroblasts + the SD. 


Factor XIII in sclerodsrma 375 


30 


Diameter (mm) 
o 


FIGURE 2. Retraction of collagen lattices by N (@-——@) and PSS (O - -- — ©) fibroblasts (4 x 10* cells per 
lattice) determined by measuring the diameter (mm) of the lattice. Each point represents the mean of the 
measurements performed on three strains of N fibroblasts and of six strains of PSS fibroblasts + the SD. 


extent. Some variability was observed after 1 day of retraction for PSS fibroblasts as shown by 
the high standard deviation (Fig. 2). FX IIIa (1 U/ml) added during the formation of the lattices 
did not significantly modify the retraction of the gels for both cell types. 

The proliferation capacity of normal and PSS fibroblasts in cell culture was determined in 
sparse and in 2-day post-confluent cultures. The mean [3H]-thymidine uptake per ug of DNA 
was not significantly different between the 13 strains of PSS fibroblasts and the six strains of 
normal fibroblasts. FXIIIa (1 U/ml) displayed variable but not a systematic (increased, 
unchanged or reduced) effect on fibroblast proliferation (data not shown). 

Most of the PSS fibroblast strains at low population doubling level displayed increased 
collagen synthesis when compared to fibroblasts from the uninvolved skin of a scleroderma 
patient (patient 1) or to the five strains of skin fibroblasts from normal subjects. In the presence 
of FXIIIa (1 U/ml), collagen synthesis of PSS fibroblasts was reduced to a level similar to that of 
normal fibroblasts cultured in the absence of FXIIIa. FXIIIa also inhibited collagen synthesis 
by normal fibroblasts (Table 1). Non-collagen protein synthesis was increased in PSS 
fibroblasts as compared to that of normal fibroblasts, and was reduced by FXIII for both cell 
types (Table 2). The proportion of total protein synthesis accounted for by collagen was higher 
in PSS fibroblasts than in normal fibroblasts. FXIIIa (1 U/ml) added in the culture medium 
reduced this proportion (Table 3). FXIIIa did not modify the distribution of the newly 
synthesized collagen between the soluble form secreted in the medium and the insoluble form 
deposited in the extracellular matrix in either normal or scleroderma fibroblast strains. 

When fibroblasts were included into collagen lattices and labelled with [°H]-proline after 2 
days of retraction (lattices fully retracted), collagen synthesis was strongly reduced, although it 
remained higher for PSS than for normal fibroblasts. The addition of FXIIIa further reduced 
the biosynthetic activity of both cell types in collagen lattices. Such results are shown in Figure 3 
for reticular dermis fibroblasts from the lesion of patient 1 (PSS 1 FR) as compared to those of a 
healthy region of the same patient (N1 AR). Similar results were obtained with other strains (not 
shown). 

The proportion of degraded newly synthesized collagen was similar for normal and PSS 
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TABLE 1. ESect of FAI Ts on collagen synthesis 
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Collagem synthesis by narmw, (M) and scleroderma (PSS) 
fibroblasts cultured in momolaver on plastic was estimated in 
absence or presemce of 1 UW /miof FXII ia by labelling with 
{(*H]-prolime and measuring peptide bound non-dialyzable 
(°H)-hydroxypraline in the medium and in the cell layer. For 
each patient, the synthesis wes determined from triplicate 
dishes with a standard deviatien of about 10°,,. For patients 
1, 7 and 8, collagen synthesis was measured in papillary (P) 
and reticular (Ri dermis fibre‘iasts from abdomen (A) and 
forearm (Fi. Hissology showed typical lesions of PSS both in 
abdomen aad forearm of patients 7 and 8..and only in forearm 
of patient 1. Abdemen fibreslests from patient « were 
considered as nen patholegica: 





ynolayer or collagen lattice). FXIII increased 
Hudec into a three-dimensional collagen gel 


fibroblasts whatever the system of cel culture (ro 
it significantly in normal and PSS Sbroblasts inc 
(Table 4). 

The fibroblasts derived from skin biopsies oč patients 1, 7 and 8 were collected before and 
after treatment by FXII from the same locations. Labelling with} *H]-proline under identical 
conditions and at the same passages in subcultere was performed. No significant difference in 
the level of biosynthesis or degradation could be observed between cells collected before and 
after treatment (data not shown). 
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TABLE 2. Effect of FXI Ia on non-collagenous protein 
synthesis 





Non-collagen protein synthesis 
(10° cp.m./ug DNA) 
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Patients Without FXIHa With FXIIIa 


EN omc enn mR maaa AANA Amiiin ARI etl a He AAPA YY pF Rn Reni A and Atk gS A daaa a aa 


N 1 AP 56-90 14°12 
AR 72°04 19-99 

2 107°60 43°85 
3 48°39 25°65 
4 72°25 35°16 
5 46:90 31°68 
6 43°93 28-40 
Mean 64°00 28-41 
PSS 1 FP 11027 40°38 
ER 87°59 37°94 

7 FP 86-07 31:60 
FR 60-30 19°79 
AP 7905 19°90 
AR 95°67 30°09 

8 FP 179°55 64°79 
FR 14907 39°81 
AP 139°79 48°55 
AR 14i-21 44°73 

9 86-02 34°80 
10 87°26 28-11 
{i Jig 42°26 
Mean 10561 37-13 





Non-collagen protein synthesis by normal (N) and 
scleroderma (PSS) fibroblasts cultured in monolayer 
on plastic was estimated by labelling with [*H]- 
proline and measuring the total non-dialyzable pep- 
tide bound radioactivity in the medium and in the cell 
layer. The radioactivity accounted for by collagen was 
substracted. The values were obtained from the same 
labelling experiments as in Table 1. 


DISCUSSION 


The present study was carried out to determine the mechanism by which FXIII acts in the 
treatment of scleroderma. The administration of FXIII has been found to increase skin 
suppleness and improve joint motility in about 50%% of the scleroderma patients” and a similar 
clinical effect was seen in two of three patients who were treated by FXIII and used in our in 
vitro studies. 

-As previously described,*?® most but not all fibroblast strains derived from the involved skin 
of scleroderma patients displayed in vitro an excessive collagen synthesis as compared with 
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TABLE 3. Cellagen synthesis æ percentage of tote! protein 
synthesis 





Collagen/toral erorein x soo 





Atessa mer man viaa rrun AQ tt 


Without FXiHa@ With Fille (b) x 100 
Patience fa) b) Ratis fa} 





Mean 324 PAE 7546 


i 

a 

2 
PHALEAARPBIVY 


Mean 595 4°36 95t 10 


The proportion "ia ",,) of procein synthesis accounted for by 
collagen procucticn for nermai (N) and scleroderma (PSS) 
fibroblasts labelled in absenee orin presence of FXH ia (: U/ml) 
was calculated from Tables 1 and = taking inte account the fact that 
proline is $6 times more abundant m collagen thar in non- 
collagen proteins. The last colwmn represents the ratio x roo 
between the propertion of protein syathesis accounted for by 
collagen production in absence of FXIHa and that obtained in 
presence of PXI. The meani SD of these ratics for the 
different strams of normal amd seleroderma fibroblasts is given. 






fibroblasts derived from normal! subjects matched for age and sex. On average the production of 
collagen by scleroderma fibrebiasts wes three temes higher than that of normal fibroblasts or 
fibroblasts from uninvolved areas of skon in scleroderma. 

In the presence cf FXIIla, collagen synthes:s by scleroderma cells was reduced to a level 
comparable to that cf untreated aormal cells. Non-coHagen protein synthesis was also enhanced 
in scleroderma strains but to a ‘esser extent, sc that the proportion of total protein synthesis 
accounted for by collagen production was only rwo times higher m scleroderma than in normal 
fibroblasts. FXIIIa reduced this percentage to values observed in normal cells. Although an 
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FIGURE 3. Collagen synthesis by scleroderma (PSS: strain 1 FR) and normal (N: strain 1 AR} fibroblasts 
(2 x 10°) included into collagen lattices for 48 h and then labelled for 24 h with {*H]-proline in absence 
(~) or presence (+) of 1U/ml of FXIIla. Collagen synthesis is subdivided into insoluble collagen 
incorporated into the cell layer (@), into soluble and non-dialyzable collagen released in the medium (@) 
and into degradation products of collagen (2). Each column represents the mean of the assays performed 
on three distinct lattices + SD. 


TABLE 4. Effect of FXIIIa on collagen degradation by normal and 
scleroderma fibroblasts cultured in monolayers or in lattices 


ADOOS 


Normal fibroblasts Scleroderma fibroblasts 
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EXI °, of degradation FXII % of degradation 
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Monolayer — 16+5 ie §t§ 

+ 19+4 (m= s) + 2047 (n= 13) 
Lattice — gif = 134 

+ 28 +4 (n=2) + 30+ 4 (n= 2) 


SOOS 


Degradation of newly synthesized collagen by normal and scleroderma 
fibroblasts cultured in monolayer or within lattice and incubated or not 
with FXIHIa (1 U/ml) was determined after labelling with (*H]-proline 
for 24 h by measuring dialyzable peptide-bound (SH]-hydroxyproline in 
the medium. The results are expressed in % of total [°H}-hydroxyproline 
recovered in the cell layer and in the medium. Each value represents the 
mean of the results obtained with n different strains + the SD. 
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excessive collagen synthesis was previously reported enly fer fibroblasts derived from reticular 
dermis,?° in our experiments the papillary dermis fibroblasts from scleroderma skin also 
synthesized excessive amounts cf collagen. We did not observe any significant difference in 
terms of biosynthetic activity between the fibroblasts collected before and after treatment of the 
patients by FXIII. The post-trearmen: fibroblasts remained sensitiwe to the addition of FXIHa 


in the culture medium. The repression of collagen synthesis by FXHIa is mot specific to 






scleroderma fibroblasts and is also observed in normal skin Sbroblasts, suggesting the 
involvement of this factor in a more general process of regulation. 

F XIII has been shown to promote the attachment of a transformed cell linet? tocollagen I and 
fibronectin. The adhesive preperties of scleroderma fibreblasts to collagen I or HH and to 





The mitogenic effect of FXI]]a en normal and scleroderma fibroblasts was increased in some 
strains, as previously described foz normal anc neoplastic fibroblasts,?':?? and reduced for 
others. There was no correlation between the patents whose fibroblasts were grewth-inhibited 
by FXIIla, and those showing a clin:cal improvement with treatment by FXII 

When included into fully retracted. three-dirmensional heat-reconstituted floating collagen 
gels, skin fibroblasts underwent a reduction of collagen synthesis of about 80-90%.°° 
Scleroderma skin fibroblasts exposed to these cenditioms displayed the same reduction, apart 
from one strain (patient 11) with a reduction of sc. A previous stady found a lower reduction 
of collagen synthesis for scleroderma than for mormal fibroblasts and even, in some cases, a 
stimulation of synthesis in fully retracted collagen lattices." Even when their biesynthesis was 
repressed in collagen lattices in a proportion simeiar to that of norraal cells, all the scleroderma 
fibroblasts maintained a higher level of synthesis tan normal fibroblasts in the same conditions. 
The addition of FXIIla reduced it to a level similar to untreated normal cells as already 
observed in monolayer culture. 

Besides the reduction of collagen synthesis, FAHI also induced.an increased degradation of 
newly synthesized collagen of normal or scleroderma fibroblasts included into collagen lattices. 
It is known that culturing skin fibroblasts witum a free-floating collagen gel induces the 
expression of the collagenase gene, perhaps through reorganizatioa of the cytoskeleton.” >? A 
potential modification in the mechan:sm of attachment of the cells to their fibrous support by 
FXIII might be a factor in this enhanced degradation. 

Other hypotheses have been proposed to explasn the beneficial role of FXII] ir the treatment 
of scleroderma. Based on work showing an increase in fibronectin in the deep dermis of sclerotic 
lesions??? and that describing an induction of cross-linking between collagen and fibronectin by 
FXIII,** Guillevin et al.? proposed that fibronectin cross-linked to collagen could promote, by 
its opsonic activity, the degradation of collagen by the reticulo—endothelial system. This 
mechanism could not be investigated in our in vivre conditions anc cannot explain the effect of 
FXIIla on fibroblast cultures. A stabilization and immobilization of abnormally soluble 
collagen by FXIII to explain as beneficial ef 





fect has also been proposed.’ However, no 
modification in the distribution between soluble and insoluble collagen was detected in our 
scleroderma fibroblasts cultures when imcubatec in the presence cf FXII. 

FXIIla has an effect on scleroderma and normal fibroblasts and strongly inhibits collagen 
synthesis and increases the degradation of newly synthesized collagen, reducing the total 
amount of collagen produced by the cells and incorporated into the tissue. It is likely that these 
mechanisms contribute to the beneficial effect of FXHI in the treatment of patients with 
scleroderma. 
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SUMMARY 


A patient with dystrophic epidermolysis bullosa inversa was studied using electron microscopy 
and indirect immunofluorescence using antibodies to matrix macromolecules of the dermo- 
epidermal junction zone. There was splitting below the lamina densa with an apparently normal 
basement membrane, but a lack of intact anchoring fibrils and with a disarranged papillary 
connective tissue. Indirect immunofluorescence examination with antibodies to type VII 
collagen, the major structural protein of anchoring fibrils, showed a normal linear staining 
pattern. Synthesis of type VII collagen which is unable to form stable, resistant anchoring fibrils 
may be a distinct feature of this subtype of recessive dystrophic epidermolysis bullosa. 


Sixteen different subsets of epidermolysis bullosa (EB) have been defined so far using genetic, 
clinical and ultrastructural criteria. The disorders can be placed in three main categories: EB 
simplex with intraepidermal blistering; junctional EB with lamina lucida blistering; and 
dystrophic EB with sub-lamina densa blistering. The dystrophic group exhibits clinical and 
molecular heterogeneity and both dominant and recessive forms contain subgroups. The 
recessive dystrophic group consists of four subtypes: the localized, the generalized non- 
mutilating, the generalized mutilating and the inversa types.'~> 

Dystrophic epidermolysis bullosa inversa is characterized by severe blistering and scarring of 
the flexures of the skin with milder manifestations on the extremities and a frequent association 
with extensive involvement of the oesophagus. Only a few patients with this disorder have been 
described.*-’ Ultrastructural studies have demonstrated a variable number of poorly formed’ 
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and normal? anchoring fibrils. No immunohistciegical studies usmg antibodies to basement 
membrane zone proteins have been reported. 

Recent immunohistological and biochemical studies have indicated an absence of type VII 
collagen, the major structural protein of anchoring fibrils, in the gemeralized and mutilating type 
of recessive dystrophic EB.°-!! Thi awitrastructural studies where 

Jy uninvolved skin of these patients.!2-'+ On 
the other hand, the localized form of recessive dystrophic EB presents with ultrastructurally 
distinct anchoring fibrils and withimmuncreactiv> type VII collagen in the patients’ skin, 1014 
wetically intermediate form of the recessive 
dystrophic EB. A patient with this form Wes studied using electron microscopy and 
immunofluorescence techniques to correlate toe ultrastructure of the dermo-epidermal 
junction zone with the immunohsstochemistry of the components af the basement membrane 
zone. 











CASE REPORT 


A 19-year-old woman, the second child of healthy unrelated parents, had a history of skin 
blisters since birth. The blstermg was more pronounced in the groins, lower back and 
abdomen, and neck as well as on tke distal parts of the extremities. The blisters were induced by 
trauma and healed tc form atropic scars and milia. During the last 2 years the patient had 
several episodes of cesophageal abstraction with upper and lower strictures and multiple 
oesophageal dilatations have been performed. She also had a history of anal scarring and 
difficulty with defecation. The paient’s parents aad brother had ne manifestations of a similar 
skin disorder. 

She appeared pale and was underweight (162 cm, 38 kg) and had erosions and biisters in both 
groins, on the lower abdomen ang back (Fig. 1a). Mild to moderate blistering was observed on 
the neck, axillae, the flexor surface-of the knees, elbows and on the hands and feet. Atrophic scars 
and milia were found in blister-pcrone areas. The submammary felds were not blistered. The 
finger- and toe-nails were either eystrophic or lost apart from one finger-nail on the left hand. 
There was a mild syndactyly of the second and third left toe (Fig. 1c). The patient was unable to 
protrude her tongue to the teeth end showed relative microstomig with slight recession of the 
chin. Several teeth that had fractured were capped with an acrylic dental material. X-ray 
examination of the oesophagus disclosed long stmctures (Fig, rb). 

Laboratory investigations indicated a haeməegiobin concentration of 10-4 g/l with a 
haematocrit of 0-31, serum iron ł ‘7 “mmol/l and trensferrin 2-9 g/l. Cultures of the skin erosions 
grew Staphylococcus aureus. 


METHODS 


Skin biopsies 
Biopsies were obtaine 





Immunofluorescence studies 
Indirect immunofluorescence wa: performed on ş um thick sectiens cut in a cryostat, using 
specific monoclonal or polyclonal antibodies to basement membrane zone antigens.'° The type 
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contrast medium. Note the strictures (arrowed). (c) Dystrophic or missing toe-nails and at 


feet. 


GURE 1. (a) Lower back of the patient with erosions and atrophic scars. (b) X-ray of the oesophagus with 
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IV collagen antibody was a mouse anti-human monclona! antibody'® (gift from Dr Odermatt, 
Department of Pathology, University of Zurich » Switzerland). The type VII collagen antibody 
was an affinity-purified polyclonal rabbit ar ody to the triple-helical domain of human 
collagen VIT.'’ An EB acquisita serum was used as an internal centro to visualize the carboxy 
terminus of type VII collagen. ° The laminin antibody was a mouse monoclonal anti-human 
laminin antibody!’ (Calbiochem, Lucerne, Switzerland). The specificity of each antibody was 
tested with ELISA, immunetfotting and immunosorbent chromatography. The FITC- 
labelled second antibodies to mouse, rabbit or human inamunogiobulins were obtained from 
Dakopatts, Glostrup, Denmark. The incubatioas with the antibodies were carried out for 30 
min each at room temperature aad the sections yen extensively washed. The fluorescence was 
observed using a Zeiss fluorescence microscope 











Electron microscopy 

For ultrastructural studies the three biopsies were fixed first with 2 5%o glutaraldehyde in 
phosphate buffer and stained with 2°. osmium tetroxide, processed in EPON LX-112, and 
stained with uranyl acetate and lead citrate. The ultra-thin sectiens were observed with a Jeol 
JEM-1200 EX microscope. 


RESULTS 


Light microscopy 

Routine light microscopy of the lesional skin æ the edge of a fresh natural blister showed a 
subepidermal blister with norma’ epidermis as the roof. The bottom of the blister was formed by 
a non-inflamed papillary dermis. 


Indirect immunofluorescence 

Immunofluorescence studies with antibodies to type VII and type IV collagen (Fig. 2) and 
laminin (not shown) revealed a linear fucrescence at the dermo-epidermal junctien zone similar 
to that seen in normal skin. In a biistered area, all che antigens were localized to the blister roof, a 
finding consistent with sub-lamiria densa blistering. An additional control stained with serum of 
an EB acquista patient (containing circulating antibodies to the carboxy terminus of type VII 
collagen) yielded an identical pattern of fluorescence. Antibodies to type IV collagen and 
laminin also stained the basement membranes of the blocd vessels. 


Electron microscopy 

Electron microscopic studies were performed on a fresh blister anc on clinically uninvolved skin 
from a non-predilection area. The third biopsy was from clinically uninvolved skin in the axilla. 
In the blister there was a split below the basement membrane (Fig. 3). The lamina densa and 
lamina lucida appeared norma! with basal keratinocytes and hemidesmosomes at the roof of the 
blister. 

In the specimen obtained from non-rubbed, acalthy leoking skin from a non-predilection 
area, the hemidesmesomes, lamina densa and lemina lucida seemed to be normal. However, 
there were no normal anchoring fibrils and lomg elastic microfibrils appeared to be absent 
(Fig. 4). The space was filled with an amorphous substance crossed by haphazardly arranged 
collagen fibres. Irregular duplications of the lamina densa were seen, and rudimentary 
anchoring fibrils without distinct crossbanding were found focally, as were very short 
microfibrils. 














FIGURE 2. Indirect immunofluorescence of clinically uninvolved skin from a predilection site with 
antibodies to type VII collagen (a and type IV collagen (b). There is a continuous linear fluorescent 
staining at the dermo epidermal junction zone with both antibodies. Type IV collagen also stains the 


vascular basement membrane 





FIGURE 3. Electron micrograph of the biopsy from the edge of a fresh blister showing splitting below the 
lamina densa and disarranged connective tissue. x 10000. 
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FIGURE 4. Electron micrograph of a biopsy taken from clinically uninvolved skin in a non-predilection 
site. The area below the lamina densa is devoid of normal anchoring fibrils A rudimentary anchoring 
fibril (arrows) is depicted in the inset ( = 60 520). Normal micrefibril bunds are indicated with open 
arrows ( x 38 000). 


The clinically uninvolved, non-rubbed skin from a precilecticn site near the axilla was 
severely affected. There were several small vacuoles beneath the lamina densa and the area 
below this was oedematous with amorphous material. In addition, disrupted and partially 
phagocytized red blood cells were observed. Anchering fibrils were only occasionally found and 
displayed corkscrew-like thin spirals. 


DISCUSS ON 


In our case of dystrophic EB inversa, all characte~istic mani‘estations of this subtype?’ were 
present apart from the keratitis. Ultrastructural studies on the biepsies of skin confirmed the 
diagnosis of dystrophic EB. Blistering cccurred below the basemen- membrane and degenera- 
ted sub-lamina densa tissue with rudimentary anchoring fibrils were seen even in the clinically 
normal skin. In the predilection sites the sub-lamina densa area arcund blisters and scars was 
more affected. 

Recently, electron microscopica! studies were pe-tormed on four patients with dystrophic EB 
inversa.” In comparison with our cases they found 3 higher number and more distinct anchoring 
fibrils in the predilection sites. The authors interpreted their finding as comparable with the 
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milder forms of generalized non-mutilating recessive dystrophic EB. Earlier studies described 
five patients with EB inversa, of which two had rudimentary and three normal anchoring fibrils® 
but other studies*® have not examined the presence of anchoring fibrils. We found an absence of 
anchoring fibrils together with disarrangement of the sub-lamina densa area. These electron 
microscopic studies suggest that the ultrastructural appearance of anchoring fibrils varies from 
patient to patient. This may be due to different biopsy sites or represent heterogeneity within 
the EB subtype. 

Indirect immunofluorescence staining with type IV collagen and laminin antibodies showed a 
normal staining pattern in our patient. This is in accordance with the ultrastructural finding of 
an intact lamina densa and lamina lucida. Both antigens were localized to the blister roof, which 
agrees with dystrophic blistering. However, there was normal linear fluorescence with type VII 
collagen antibodies, although no distinct, crossbanded anchoring fibrils were seen on electron 
microscopy. This suggests the presence of type VII collagen molecules that were not assembled 
into the appropriate supra-structure. This may be due to a defect in the biosynthesis of type VII 
collagen that prevents normal supramolecular assembly and the formation of stable anchoring 
fibrils. Secondly, normal type VII collagen and anchoring fibrils may be proteolytically 
degraded, e.g. by the upregulated mutant collagenase as suggested by Bauer et al.*® The positive 
immunofluorescence would then result from the reaction of the antibodies with persisting 
immunoreactive fragments. Thirdly, other putatively abnormal interactions of the anchoring 
structures, e.g. abnormal molecular interaction between type VII collagen and lamina densa 
components, such as type IV collagen, heparan sulphate proteoglycan or entactin, may render 
the anchoring fibrils unstable and susceptible to proteolytic degradation. 

The presence of type VII collagen and the absence of intact anchoring fibrils in EB inversa 
suggest that this subtype is a distinct genetic disorder in the recessive dystrophic EB group. The 
localized recessive dystrophic EB exhibits both normal anchoring fibrils’ and positive type VII 
collagen immunofluorescence’?° whereas in the majority of the patients with generalized 
mutilating disease neither anchoring fibrils'®:!''?'* nor type VII collagen®'' can be 
demonstrated. However, a recent study?! indicated that the carboxy terminus of type VII 
collagen may be conserved in some cases of generalized mutilating dystrophic EB. These studies 
on the expression of type VII collagen provide further evidence that the different subtypes of 
recessive dystrophic EB represent different gene defects and not more or less severe variants of 
the same genetic disorder. 
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SUMMARY 


Following tape stripping of normal skin and uninvolved psoriatic skin, there was an early 
leakage of plasma proteins such as fibrinogen, fibronectin and immunoglobulins. This was 
accompanied by migration of mononuclear and polymorphonuclear cells into the epidermis. 
Both events appeared earlier, were more pronounced and lasted longer in psoriatic subjects than 
in controls. 


Research into psoriasis has mainly involved the study of epidermal alterations such as 
hyperproliferation and abnormal differentiation. 1-3 However, morphological studies* have 
demonstrated that psoriasis is also characterized by vascular alterations such as dilatation of 
capillary loops within the lesions. At the ultrastructural level, the intradermal! papillary vessels 
have many bridged fenestrations,* which are absent in normal skin. These morphological 
changes are detectable even before the development of epidermal hyperplasia. Under successful 
Goeckerman and PUVA treatment, the capillary loops return to normal before there is a 
decrease in the labelling index.’ Functional evidence of decreased capillary resistance was also 
shown in the uninvolved skin of psoriasis.” 

Previous studies using immunofluorescence techniques revealed the presence of several 
plasma proteins within the involved psoriatic epidermis.” +? Fibronectin, fibrinogen, and IgG 
deposits were observed just above the papillae. Such deposits were not detected in normal or 
uninvolved psoriatic epidermis. The pattern of staining above the papillae suggested that the 
plasma proteins were leaking from the capillaries into the extravascular space, and that an 
increased vascular permeability of upper dermal capillaries could be one of the initial events 
triggering hyperproliferation and abnormal differentiation of psoriatic epidermis. This 
increased vascular permeability could for example, allow an increase in diffusion of nutrients 
toward the epidermis and the passage of plasma growth factors into the epithelium. 

Correspondence: Dr M.Verschoore, CIRD, Sophia Antipolis 06565, Valbonne Cédex, France 
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The leakage of plasma proteins into the epicermis following tape stripping of uninvolved 
psoriatic skin was studied. This model'*:’* allews determnatior. of the changes prior to the 
development of a psoriatic lesion. Lesions induced by tape strippmmg are similar to spontaneous 
pinpoint lesions.'*"'° This study followed early «vents-after tape stripping as it was shown that 
leakage and migration occur as early as 2 mim after stripping. 









ME T iors 


Patients 
The study included five male psoriatic patients (age range 19-54 years) and four control subjects 


who were sex- and age-matched healthy volunteers. 





Methods 

Stripping of the stratum corneurn was performed with an adhesive tape (Tesa film®). Thirty to 
forty strippings were required to obtain a smoot but non-oczing epidermal surface. Strippings 
were performed on 2 x 8 cm areas of urinvelved forearm or back skin in patients with active 
psoriasis (n = §) and in norma! controls (n = 4). In the psoriatic patients, the tape-stripped skin 
was at least 10 cm away from a lesion. Skin biopses were taken from each patient at intervals of 
O, 2°5 min, 15 min, 1 h, 24 h anc 1 week after stripping. 


Histology 
Serial sections of the skin biopsies were performed and stained with hematoxylin and eosin. 


Direct immunofluorescence 

The biopsies were immediately frozen in tissue FEK I] (3M) and cryostat sections (4 um thick) 
were cut and then incubated, ss described previously,” with fluorescein-conjugated goat 
antibodies directed either against human fibrinogen, fibronectin orimmunoglobulin G (Cappel 
Laboratories, Cochranville, U.S.A.). 


RESULTS 


Clinical observations 

One or 2 weeks following tape stripping a Koebmer phenomenon was observed in two of the five 
psoriatic patients. There were red, infammatory plaques in the tape-stripped area. The other 
three psoriatic patients as well as the four normal controls showed complete healing after a 2- 
week period. 


Histology 

Immediately following the stripping procedure there were ne significant changes seen. Biopsies 
taken 2-5 min after tape stripping showed a moderate cellular infiltrate in the dermis in both 
psoriatic and control subjects. in the control skin, mest of the infiltrate was composed of 
mononuclear cells. In the tape-stripped uninvolved psoriatic skin, the cellular infiltration was 
more pronounced and was composed of monozuclear and polymorphonuclear cells. Fifteen 
minutes, 1 hand 24 k after stripping, the polymorphonuclear infiltration was more intense than 
at 2-5 min and mainly located around the upper derma! vessels. The cells had also migrated 
toward the epidermis and their density was again. higher in uninvolved psoriatic skin than in the 
controls. After 1 week, some areas of parakeratos:s could be.already observed in tape-stripped 
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FIGURE 1. Biopsies taken 1 week after stripping from control skin (NN) and uninvolved psoriatic skin 
PN). Note the accumulation of PMN in the stratum corneum of PN (arrow) ( * 240). 


uninvolved psoriatic epidermis and accumulations of polymorphonuclear cells (PMN) in the 
stratum corneum, very similar to the Munro Sabouraud micro-abscesses, were observed in 
some sections of the uninvolved psoriatic skin (Fig. 1). This phenomenon, which preceded the 
appearance of clinical lesions, was never observed in normal control skin. The dermal infiltrate 
disappeared after 1 week in both the psoriatics and controls. 


Immunofluorescence 
Biopsies taken immmediately after the stripping procedure appeared normal as previously 
observed (M.Darmon, unpublished results). 


Fibrinogen. Biopsies taken from psoriatic patients 2-5 min after tape stripping when stained 
with FITC-conjugated anti-fibrinogen serum, showed fibrillar and punctate pericellular 
staining in the dermal papillae (Fig. 2). A focal staining was also detected in the epidermis above 





FIGURE 2. Immunofluorescence staining with FITC- conjugated anti-fibrinogen antiserum of a biopsy 
taken 2-5 min after tape stripping of uninvolved psoriatic epidermis | PN). Note the leakage immediately 
above the papilla. ( x 100). 
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these dermal papillae. In biopsies taken from normal individuals - ‘§ min after stripping, the 
staining was negative. One hour after stripping (fig. 3), the fibrinogen pattern was similar in 
uninvolved psoriatic skin and in controls. consisting of ilcernating positive (above the papillae) 
and negative (in epidermal crests) zones. One week after stripping the psoriatic skin stained 
weakly with the anti-fibrinogen amtibody at the granular layer but staining was more marked in 
the stratum corneum, mainly im the micro-abscesses. This taining was more pronounced in 





FIGURE 3. Immunofluorescence staining with FITC eonjugsted anti-fibrimegen antiserum of biopsies 
taken 1 h after stripping. Note the pericellular staining im the esidermis main!yv4ocated above the papillae, 
more evident in uninvolved psoriatic skin in (PN) than n control skin (NN < 100 amd x 210 


respectively). 
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patients who developed the Koebner phenomenon. There was no staining seen for fibrinogen in 
the controls at this time. 


Fibronectin. Biopsies taken 2:5 min after stripping showed fibrillar staining in the dermis at 
the level of the papillae and along the basement membrane in both psoriatic and normal subjects. 


24hours 





FIGURE 4. Immunofluorescence detection of IgG 2-5 min, 15 min, 24 hand 1 week after tape stripping of 
uninvolved psoriatic skin. (a) After 2-5 min; diffuse deposits in the dermis (below) and in the upper 
epidermis. (b) After 15 min; granular and pemphigus foliaceus-like deposits in the upper layers of the 
epidermis. (c) After 24 h; the same type of intraepidermal immune deposits. (d) After 1 week; foci of 
immune deposits in the stratum corneum. 
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Fifteen minutes after stripping, the stain:mng reachec the epidermis only in the case of psoriatic 
subjects. After 1 h, this type of epidermal labelling was found in beth psoriatics and controls. 
Twenty-four hours after stripping, focal deposits cf fibronectin were observed at the level of 
granular layers only im the patieres who developed typical psoriatic lesions. 


Immunoglobulins. Diffuse IgG depesits in the dermis and in some cases in the epidermis 
(Fig. 4) were observed in biopsies:takem 2:5 min aite- stripping in both the psoriatic and control 
subjects. After 15 min, the staining wes detected in the upper part of the epidermis of psoriatics 
with granular and pemphigus foliaceous type patterm and it was always more pronounced above 
the dermal papillae. In controls, after 1s min, sem- focal epidermal staining of this type was 
observed. After 24 h, small foci of marked fluorescence were observed in the stratum corneum of 
the psoriatic epidermis. After 1 week, the staineng was stil marked and was located in the 
stratum granulosum and corneum. In the control: there waso staining in the epidermis at 24 h 
and after 1 week. 





DISCUSS. ON 


In this study, it was found that very shortly after tape stripping ef both normal and psoriatic 
skin, mononuclear cells, polymerphenuclear ceils and plasma proteins such as fibrinogen, 
fibronectin and IgGs extravasated from the capil.ar-es of the upper dermis into the epidermis. 
This very early diffusion of plasma proteins corre ates with an early passage of Langerhans 
cells!’ and lymphocytes!® following tape strippime. However, in our study the extravasation 
appeared earlier, was slightly more pronounced and lasted longer in the psoriatic subjects than 
in the controls. This suggests an imereased fragility of psoriatic capillaries which may be 
associated with the morphological modifications of :he micrevasculature already described.* 
Also immunotherapy with interleukin 2, which cae imduce extravasation of plasma proteins, 
results in the exacerbation of lesions in patients wizh psoriasis.” 

Although our study stresses the existence of a vascular defect m psoriasis, vascular leakage 
cannot be claimed to be the only aetiological factor o` psoriatic lesions. The epidermis of normal 
subjects did not respond to tape stripping by deweleping psoriasiform lesions, even though, as 
with psoriatic epidermis there was significant dffasion of plasma proteins and cellular 
infiltration. The increased vascular leakage proveked by tape stripping of uninvolved psoriatic 
skin did not lead to a Koebner phenemenen in all cases, the frequency being similar to that 
found in previous studies.'*'°*7"° It is likey that there is an intrinsic defect in the 
keratinocytes in psoriasis which becomes revealed with the passage of growth factors as seen 
following tape stripping. 
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SUMMARY 


A population-based epidemiological study of non-melanoma skin cancer incidence was carried 
out over 6 months in an area of South Wales. A much higher incidence than expected of non- 
melanoma skin cancer was found with crude annual rates per 100000 population of 137-7 for 
basal cell carcinomas and 35-8 for squamous cell carcinomas, giving a combined rate of 173-5. 
When age was adjusted to the standardized world population the corresponding rates were 83:1, 
19-0 and 102-1. Males were affected more than females and the ratio of basal cell carcinomas to 
squamous cell carcinomas was 4:1. These figures are at least 60% higher than previous 
estimates of the incidence of-non-melanoma skin cancer in the U.K. There may be a higher 
incidence in this area because of the indigenous Celtic population, but there is almost certainly a 
substantial under-recording of non-melanoma skin cancers throughout the U.K. 


An accurate assessment of the incidence of non-melanoma skin cancer (NMSC) in this country 
has been impossible. It is generally accepted that they are under-recorded! and there have been 
no epidemiological studies of the incidence of skin cancer in the U.K. It is becoming important 
to obtain data on the incidence for NMSC to monitor the possible effects of increasing amount of 
ultraviolet light reaching the earth’s surface as a result of the depletion of the ozone layer.?? 
A study in the U.S. has suggested that there may be a 10% increase in incidence of NMSC 
over a 10-year period that is unrelated to the ozone layer depletion.* Furthermore, the number 
of NMSC is likely to increase as a result of an increasingly elderly population. Although 
NMSCs are usually regarded as being relatively easy to treat and diagnose, in view of their 
increasing frequency they are becoming an important economic and health problem for this 
country. ! 

We report the results of a 6-month epidemiological survey of all cases of basal cell carcinoma 
(BCC) and squamous cell carcinoma (SCC) in a defined population in South Wales (West 
Glamorgan). 


Correspondence: Dr Dafydd Lloyd Roberts, Consultant Dermatologist, Singleton Hospital, Swansea, SA2 8QA, 
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The study population was the resident popularen of West Glamorgan (363200). All clinicians 
in relevant specialities (dermatologists, radiothsrapists, geriatrictans and surgeons) agreed to 
register their patients with NATSC presenting (“or the orst time between 1 May 1988 and 30 
October 1988. The pathologists supplied details.of all biopsy specimens with a diagnosis of SCC 
or BCC. The information received was stored on conmeputer, using a simple database program. 
Care was taken to avoid multiple registrations froen deferent departments. Local GPs were not 
informed of this study, so as mot to mfluence referral patterns. The information received 
included name, address, date of birth, sex, site, clirical diagnosis, whether or not a biopsy 
specimen was taken and details cf histology. Only those with a diagnosis of BCC and SCC were 
included. Numbers of patients gather than numbers ef cancers were counted; therefore, those 
patients with multiple skin cancers were cound as one case. Recurrent tumours were also 
excluded. 








Statistics 

Age and sex incidence rates were calculated using the standard 5-year age divisions (20-24, 25- 
29, 30-45, etc.). Adjustment for age and standerd error were calculated by using the world 
standardized population, giving a means of compamng incidence figures between different 
populations. ! 


RESULTS 


A total of 315 NMSC were registered in the 6-month period, giving a crude incidence rate of 
173:5 per 100000 per annum. The age-specific incidence rates, crude rates and world population 
standardized rates are shown in Table r. There were a total of 181 males (crude incidence rate 
per annum 206°4 per 100000) and 134 females (crude incidence rate 142-6 per 100000 per 
annum), with an age range of 26-92 years. The age standardized annual rate per 100000 
population was 143-9 for males and 60-3 for females, giving a combined rate of 102-1. 

As expected, the highest rates were in the very elderly with a yearly incidence for all NMSCs 
in males and females of 1248 per rcooco in the 85+ age group. Men in general had a higher 
incidence, reaching 1566 for the 80-84 age group and 4371 for the 8§ + age group. The ratio of 
BCC to SCC was approximately 4:1 overall, but varied according to age. The younger age 
groups tended to have a higher ratio, with the =2-4%5 age group having an 8:1 ratio compared 
with a ratio of 2:1 in the over 80s. 

Information on the site of the lesion was obtained in 257 cases. The face and neck were the 
commonest sites for both SCC (66°, and BCC © 1°,,). Memhad a comparatively higher number 
on the face, in particular on the pinna of the ear, and wormen:had a much higher incidence on the 
legs, with eight women having SCCs on the legs, compared to one man. Table 2 shows the 
breakdown of numbers of paticats, according to site, sex and type of skin cancer. 

Histological confirmation cf the diagnosis wes mace in 74°,, of BCCs and 98-5% of SCCs. 





DISCUSS DON 


rate of 173:5 per 100000 per annum. This is much mgher than any previous estimate of skin 
cancers in the U.K. The annual registration cate for 1984, accerding to the latest figures 
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published by the Welsh Cancer Registry for this arza, is 67-5, which compares with a figure of 
48-3 for the rest of Wales and 43 for England aad Wale: together’. West Glamorgan has 
consistently had the highest reported rates of NMSC in Wales and one of the highest in the U.K. 


being almost certainly due to under-recording. 

The figures obtained for incidence rates in West Glamorgan in this study are probably 
reasonably accurate. Very few, if any, skin cancers ere treated by local general practitioners and 
if any were treated, they would almost certainly be excised and sent for histology and therefore 
included in this study. The combined registration from clinicians and pathology laboratories 
meant that the chance of a NMISC being missed was small. Most of the diagnoses were 
confirmed histologically and of those that were ao, the diagnosis was made clinically, almost 
always by an experienced Consultant who was citaer a dermatologist or a radiotherapist. As 
there are no other figures with which to compare these incicent figures within the U.K., apart 
from Cancer Registry figures, it is impossible to be certain whether or not this type of incidence 
rate would be seen elsewhere in the U.K. Externdiag the crude rate for this population to the 
whole of England and Wales would suggest thet there would be approximately 100000 new 
cases of NMSC every year. 

The method used could be criticized on the greunds that the rates are not true incidence 
figures but represent referral rates for specialist teeacment. The same criticism, however, applies 
to all Cancer Registry figures as they are ell dependent upon referrals for treatment. The method 
is similar to that used in one of the largest epidemielogical studies of NMSC,° where over a 6- 
month period new cases presenting to clinicians and pathologists in various geographical 
locations in the U.S.A. were registered. The total numbers of skin cancers observed in this study 
are relatively small and care shouid therefore be taken in interpreting the age-specific incidence 
rates in particular. They do, however, accord with other much larger previously published 
studies in that the rates continue to rise with gge end are commoner in men than in women. The 
ratio of BCC to SCC is also comparable to other studies. 

Ideally, histological confirmation should be obtamed cn ail cases but, in practice, many small 
superficial BCCs are treated by non-surgical methods such as cryotherapy or radiotherapy 
without histological control, particularly in the elderly age group. It may be argued that this 6- 
month period was unrepresentat ve, but there ig 2c reason to suspect that the referral rates for 
diagnosis and treatment of non-melanoma skin camcers vary with the ume of year. 

There have been few studies :n the rest of the world on the incidence of NMSC. A linear 
relationship between latitude anc skin cancer incidence has been found, the highest rates being 
in white Australians. The recent study rom Victoria in Australia, in which the details of 253 
patients with NMSC were described, showed a yearly incidence of 823 skin cancers per 100 000 
population, with a world standardized rate of $55 per 100000.’ This compares with a large 
study in the U.S.A. showing an age-standardizex rate of 233 per 100 000 population in 1978.° 

The rate of skin cancers seen ia this study was nigher than one would expect fer the latitude. 
There are few figures with which te compare this rate, but studies in Europe at roughly 
comparable latitudes showed a much lower incidence rate. Surveys in Switzerland,’ Belgium’ °’ 
and Denmark!! showed rates varying between z% and §0°,, of those in the current survey. 

A study in the U.K. from Bristol suggested that the Cancer Registry in that area under- 
estimated the true incidence of nen-melanoma cancer by at least 20-32% ./? If this were the case, 
then this would suggest an incidence race of abcut60-70 cases per 100000, which again is far 
lower than the actual rate in this study. 

Possible reasons for a higher rate of skin camcers ia this area would include the genetic pool, in 
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that most of the population of West Glamorgan are of Celtic origin. This is largely an industrial 
- area, although there are farming communities. Some of these cancers may have been caused by 
occupational carcinogens, although in most cases this seems unlikely in view of the large 
prevalence of BCCs over SCCs and the site distribution of the lesions. 

In view of the discrepancy between the Cancer Registry figures and the incident figures 
obtained in this study, there is an urgent need to develop a comprehensive reporting system to 
obtain a more accurate assessment of NMSC rates in the United Kingdom. Any future changes 
as a result of depletion of the atmospheric ozone could then be monitored. 
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SUMMARY 


Ten patients suffering from either discoid lupus erythematosus (DLE) or subacute cutaneous 
lupus erythematosus (SCLE) were treated with interferon a2a. Eight received low or 
intermediate doses (18-45 x 10° U/week) for a short period of time (4-8 weeks), with marked 
improvement of skin lesions in six, an exacerbation in one patient and no change in the other. 
Two patients with SCLE received high doses (100-120 x 10° U/week) over 12 weeks, with 
complete clearing of the lesions in one and a marked improvement in the other. The responses 
were of short duration and within a few weeks of stopping treatment all who had improved or 
cleared relapsed. The side-effects in all the patients were fever and a flu-like syndrome which 
necessitated a reduction of the dose in one case. In two patients there were increases in the liver 
enzyme levels, but no haematological toxicity was noted. 


Interferon alpha (IFN-a) has produced an improvement in the clinical condition of patients 
with autoimmune multiple sclerosis,’ rheumatoid arthritis? and immune thrombocytopenic 
purpura.** To our knowledge, there has been no study of the efficacy of IFN-a in the treatment 
of lupus erythematosus (LE). The results are reported of a therapeutic trial using low doses of 
IFN-« in patients with discoid LE (DLE) and subacute cutaneous LE (SCLE). 


METHODS 


Patients 

Ten patients with discoid (DLE) or a subacute cutaneous (SCLE) lupus erythematosus gave 
informed consent to participate in the study. The clinical data concerning the Io patients are 
listed in Table I. 


Correspondence: Professor J. Thivolet, Hôpital E.Herriot, Pavillon R, 69374 Lyon Cedex 03, France. 
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TABLE ©. Clinical data cf patieris 


“sna aaraa pete 





Patient Age Diagmos's (years, Previcas trestments* 

I Figs DLE 4 Hedroxychlorocunne ( --} 
Tepical corticosteroids (+) 

2 M/s& DLE 15 Hedroxychloroguime ( +) 
Taaliderr:de (+) 

3 F/34 DLE 2 Hydroxychloroquine (+ ) 

4 M39 DLE 5 Hydroxychloroguane (—~ ) 

5 Miss DLE I Na 

6 Miso DLE 3 Hedroxychlorogusmne (+ ) 

7 Fis2 SCLE 5 Hrydrosychlorogame (ci) 


Tkalidorede (ci: 

Systemi corticosteroids (ci) 
8 F36  SCLE 4 Hrdroxychloroguine ( — ) 

Thalidomede (+> 

Systemic sorticosteroids ( — ) 


Ee F/s8 SCLE 3 Hydrexychloriquime (+) 


‘Tbalidomade (—” 
revetment essence 


*(+), positive effect of therapy; ©- >, no effect from therapy; (ci), 
contra-indicatec’ becamse of severe iode-effects. 


The criteria for inclusion in the study comprised: histelegically confirmed DLE or SCLE; 
stable or progressive disease at iritial consultation; measurable lesions; no specific treatment for 
at least 1 month before IFN therapy and no concemitan: therapy that could influence the 
disease. The diagnosis of DLE and SCLE was based on both clinical and histolegical features. 
None of the patients had systemic LE as defines by the AKA criteria. 

Routine laboratory tests, complement levels, entineclear antibodies (ANA, double-stranded 
DNA, Ro, La, Sm, RNP and nucleohistones ant:bodies), circulating immune complexes (CIC) 
and serum immunoglobulins were determined arthe initial examinztion and after every 4 weeks. 
Biopsies of skin lesions were taken before treatment from al! patients and processed for routine 
histology and for direct immunofluarescence. Biopsy specimens were also taken from five 
patients during and at the end of the treatment with IFN 





Interferon gza (Roferon-A®) adminissration 

Recombinant IFN-a2a (Roferon-A®™ was provided by Produits Roche (Paris, France) as 
lyophilized powder in vials of 3-0, 9-0 and 18-0 « 10° U. Patients were treated for 4-13 weeks 
with doses of IFN-aza that varied fram 18-120« 10° U/week and were adjusted according to 
the clinical response. 


Evaluation of response to therapy 

At the initial visit and at 2-weck intervals the patients were assessed and indicator lesions 
monitored for the following sympzoms: erythema, infiltration, hyperkeratosis/scaling. If 
present before treatment, the symptom was given a score af 4, whereas if absent its score was o. 
During therapy an improvement of less than 5m", scored 3, a major improvement (> 50%) 
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scored 2, and complete clearance of the lesions scored 1. An exacerbation was recorded as 5. A 
total score was obtained for each patient at each visit by adding the scores of the indicator 
lesions. A similar scoring system for the response to IFN was used to assess the skin biopsies. 
The criteria used were surface hyperkeratosis, thinning of epidermis with vacuolar degenera- 
tion of the basal cells and the dermal lymphoid cell infiltrate. The person examining the 
histological sections was unaware of the clinical course of the disease. 


RESULTS 


A complete response with total regression of the cutaneous lesions was achieved in five of the 
patients (three DLE and two SCLE). A partial response of more than 50°, occurred in three 
patients (Table 2). Thus, eight out of 10 patients (80°%) had an excellent or good response to 
treatment. The clearance of lesions was rapid, occurring within 2~6 weeks of treatment. 
However, the IFN-induced improvement of DLE and SCLE was only temporary, and there 
was a relapse within 2-14 weeks after stopping treatment (Table 2). 

Patients with DLE responded more rapidly and to a greater degree than patients with SCLE. 
An improvement was noted in five out of six DLE patients after a mean treatment duration of 5-6 
weeks (4-8) at a mean dose of 35 (18-45) x 10° U/week of IFN-a. Three of the four patients with 
SCLE had improved with a mean treatment duration of 10 weeks (5-13) and a mean dose of 80 
(18-120) x 10° U/week. One patient with SCLE had an exacerbation of her cutaneous lesions 
during IFN therapy and another patient was unchanged after 4 weeks of treatment. 

Apart from patient 10, no significant adverse reactions were noted during treatment and 
subsequent follow-up. However, all the patients had a flu-like syndrome associated with the 
treatment. This side-effect was dose-dependent and in only one necessitated the reduction in the 
weekly dose of IFN-« from 63 to 27 x 10° U. One patient had asthma-like breathlessness during 
therapy. Laboratory tests revealed no significant abnormalities during treatment apart from 
three patients with an increase in their liver enzyme levels. 


TABLE 2. Clinical results, follow-up and outcome 


Weekly dosage Duration Clinical Relapse 


Patient (x rofU) (weeks) result* (weeks) 
I 42 8 CR = Yes/14t 
2 42 4 CR Yes/2 
3 45 8 CR Yes/4 
4 21 4 NC NA 
5 42 5 PR  Yes/2 
6 18 4 PR  Yes/6 
7 100 13 CR Yes/12 
8 120 12 PR  Yes/4 
9 18 5 CR Yes/6 

10 42 4 PD NA 


* CR, complete response; PR, partial response; NC, 
no change: PD, progressive disease; NA, not applicable. 

+ Time of occurrence of clinical relapse after with- 
drawal of IFN. 
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Before treatment four patients hac a low titre o circulating antinuclear antibodies (ANA), 
which, except in one case, did net vary during therapy. In this patient the ANA titre was 1:64 
after 1 month of treatment and rose to 1:4096 at the end of therapy; the titre fell to 1:256 
1 month later. 





Histology 

Prior to treatment, all the skin biopsies showed war-able degrees of severity and the histological 
features of LE. At the end of the study, the biopsies taken from the patients whe had improved 
clinically showed a similar improvement of the histology. The patients with a minimal 
histological improvement showed either a partial response or in one case an exacerbation of their 
skin lesions. Generally, the most sigrificant improvement was a r¢duction in the density of the 
dermal cellular infiltrate. 








DISCUSSION 


The present study was designed to determine the petential benefit of interferon « (IFN-«) in the 
treatment of DLE and SCLE ower a short period of time. In five of our patients there was a 
complete and in three a partial response indicating that recombinant IFN-«2a is effective in the 
treatment of DLE and to a lesser extent SCLE. The 80°, response rate suggests that IFN is as 
effective in treating DLE and SLE as other treatments such as the antimalarial drugs, 
thalidomide and topical corticosteroids which æf aave potential side-effects. 

DLE was more responsive than SCLE. The only aggravation of cutaneous lesions seen in this 
study concerned a patient with SCLE, and we el that IFN treatment is probably better 
indicated for DLE than SCLE. 

The mechanism of IFN-induced improvemem in LE remains uncertain. In addition to 
antiviral and antiproliferative properties, IFN has many other effects on the various 
components of the immune system that are relevart to aute:mmumity. Effects on B cells appear 
to depend on the dosage. Low IFN concentrations stimulated anc high concentrations inhibited 
immunoglobulin production. ®” Suppressor T ‘wraphocytes have been shown to be inhibited, 
whereas natural killer (NK}-cel! activity may be depressed.” Recent data suggest that SCLE 
could result from the pathogenic role of antibod:esto Ro antigens expressed on the membranes 
of keratinocytes, through an antibody-depencent cellular cytotoxicity mechanism.” The 
possibility that IFN may inhibit NK-cell act-vicy could account for the positive response 
observed in this study. An additional effect of IFN-g is the decrease in production of several 
lymphokines (including IL-1, IL-2 end 1FN-))»m jupus-prone animal models.'” It may be that 
IFN-induced improvement of DLE and SOLE is mediated by an anti-inflammatory 
mechanism down-regulating lymphokine production. 

In all cases in this study there was rapid relapse-of the skin lesions after stopping IFN. This 
relapse is evidence supporting an IF N-mediatec'im provement of the skin condition in DLE and 
SCLE and against a non-specific, placebo effect. Tae fact that improvement was only temporary 


does not diminish the value of IFN- as a new approach to the management of DLE and SCLE. 
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SUMMARY 


Eight patients with intractable cutaneous leucocytoclastic vasculitis were given a trial of plasma- 
exchange therapy. All but one improved, five substantially. Four have been successfully treated 
by intermittent plasma exchange for periods of 5-12 years. Apart from one episode of hepatitis 
B, possibly related to administration of fresh frozen plasma, no major adverse effects have 
occurred. Plasma exchange can be a valuable therapeutic option in patients with severe 
refractory cutaneous vasculitis. 


Severe cutaneous vasculitis can cause substantial morbidity and may not respond to aggressive 
systemic therapy with oral corticosteroids, dapsone, and various immunosuppressive agents. 
Since there is at least circumstantial evidence for the role of immune complexes in some patients, 
the removal of such factors by plasma exchange (PE) appeared a logical development.’ 

Eight patients with intractable leucocytoclastic vasculitis in whom systemic therapy had 
proved ineffective or had produced intolerable side-effects were referred for a trial of plasma 
exchange (PE). This report describes their initial clinical response and the long-term outcome. 


METHODS 


The patients consisted of five females and three males (age range 31-65 years) with severe 
chronic cutaneous vasculitis (Table 1). Patient r has been reported previously.” Patients 1 and 2 
presented with severe urticarial vasculitis characterized by painful raised erythematous lesions 
which resolved after 24 h to leave purpuric staining. Patients 4-8 had recurrent papular and 
purpuric eruptions predominantly confined to the lower limbs, which, in patient 5, had 
associated skin necrosis with ulceration. Cutaneous manifestations predominated, though 
arthralgia was also noted at some stage by all the patients. In addition patient 3 exhibited a 
number of extracutaneous manifestations in association with painful subcutaneous nodules that 


Correspondence: Dr N.Turner, Renal Unit, RPMS, Hammersmith Hospital, Ducane Road, London W12 ONN, 
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occasionally became ulcerated. These included: gastrointestinal symptoms with transient 
radiological abnormalities; respiratory involvement with laryngeal oedema, wheezing and 
haemoptysis; and, on two occasions, neurological symptoms and signs caused by lesions of the 
lumbar meninges. 

All patients had been treated with numerous drugs, including corticosteroids and one or more 
cytotoxic agents (azathioprine, melphalan, cyclophosphamide). Some had also received 
dapsone, isotretinoin, thalidomide, and danazol, without any improvement. Two had tried 
elimination diets without benefit. 

Skin biopsies from all patients revealed a leucocytoclastic vasculitis with fibrinoid change 
affecting the cutancous blood vessels. Direct immunofluorescence studies of lesional skin were 
performed in six cases. Two patients (cases I and 4) had granular deposits of immunoglobulin 
and C3 in a perivascular distribution and one (case 7) had linear deposits of IgM along the 
dermo—epidermal junction (Table 1). 

Patients with an identifiable aetiology or with a significantly elevated level of cryoglobulins 
(> 100 pg/ml) have been excluded. Complement profile, autoantibodies, rheumatoid factor, 
immunoglobulins, serum protein electrophoresis, cryoglobulins, anti-neutrophil cytoplasmic 
antibodies,’ hepatitis B antibodies (and surface antigen), VDRL and circulating immune 
complexes by C1q and rheumatoid factor binding assays have been assessed in all the patients. 
Abnormal laboratory investigations are listed in Table 1. 

Plasma exchange was performed with a Haemonetics discontinuous flow cell separator. 
Vascular access was by antecubital venepuncture, or through a short-term double-lumen 
central venous catheter, or via a surgically-created subcutaneous arteriovenous fistula for long- 
term therapy. Initial treatment generally consisted of three 4-1 plasma exchanges for 5% human 
albumin in 1 week. For maintenance therapy, one or two 4-1 exchanges were carried out every 2- 
6 weeks. Because of shortages of blood products we have recently used 1 | of a gelatin plasma 
expander (Polygeline) together with 5% albumin during maintenance therapy, with: no 
apparent change in response. 

RESULTS 


Seven of the eight patients improved within 2 weeks of starting PE (Table 1). The five patients . 
who responded well showed a dramatic clinical improvement within the first week, and usually 
within 12-24 h of their first plasma exchange. Arthralgia and malaise were relieved within 48 h. 
One patient was unable to continue treatment because of difficulties with vascular access, but the 
other four have continued to receive plasma exchange as the mainstay of their therapy for 
periods of 5-12 years. The excellent response to treatment has been maintained, and apart from 
one episode of hepatitis B possibly related to the administration of fresh frozen plasma, no major 
adverse effects have been recognized. Three patients did not show a worthwhile benefit from 
plasma exchange. Two showed only slight improvement within 2 weeks and one failed to 
respond. Two of these patients are still receiving immunosuppressive therapy. 


DISCUSSION 


Plasma exchange is widely used in severe systemic disorders where there are known or suspected 
circulating immunological mediators, such as autoantibodies or immune complexes.* There 
may be a rapid response to PE alone, as in myasthenia gravis or cryoglobulinaemia, but 
sustained improvement generally depends on the concurrent use of immunosuppressive drugs, 
as in Goodpasture’s disease and systemic vasculitis.” As well as the removal of immunoglobulins 
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and immune complexes, PE may exert effects sy depletion of complement components and 
clotting factors involved in tissue injury, by a reduction in blood viscosity, or by improvement in 
reticuloendothelial system function. 45 

Plasma exchange has also been used to treat dermatological disorders such as corticosteroid- 
resistant pemphigus®’’ and pemphigoid,*:? anc there are occasional reports of its beneficial 
effect in pyoderma gangrenosum.'°' Of tse systemic diseases with major cutaneous 
manifestations, cryoglobulinaemia often responds well to plasma exchange alone,*!* but in 
most others, including primary systemic vascultis, the role of PE is to bring about a remission 
which can then be maintained by drugs.*!- 

The cutaneous vasculitides represent a hetersgeneous group of disorders and in most cases 
the pathogenesis is unclear. However, the close clinical and pathological similarities between 
leucocytoclastic vasculitis and the Arthus reaction saggest that tissue deposition of immune 
complexes may be important in cutanecus vasce itis. Circulating immune complexes have been 
found in many cases of cutaneous vasculitis, and direct immunoduorescence studies of lesional! 
skin often show deposition of immunoglobslins and complement components in the affected 
tissue.'*:'> Circulating immune complexes were detected in six of our eight patients, and it is 
interesting to note that all of these patients shewed some response to treatment. None of our 
patients had antibodies to neutrophil cytoplasmic components; such antibodies have been 
strongly associated with the major systemic vasculidides (Wegener’s granulomatosis, micro- 
scopic polyarteritis), though they may not be detected in more limited (single ergan) forms of 
Wegener’s.? 

There have been few reports of the use of PE in isolated cutaneous vasculitis, }? though 
therapeutic success has been described in Waldenstram’s hypergammaglobulinaemic purpura, 
which bears a number of similarities tc our cases.'© This may be partly due to the difficulties 
associated with its use as a maimtenance therapy and because it is time-consuming and costly. 
However, our experience suggests that it cam bea highly effective and well-tolerated out-patient 
therapy in patients with severe cutaneous vasculitis which is unresponsive to conventional 
therapy. 
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SUMMARY 


Two unrelated families are presented in both of which a child with generalized epidermolytic 
hyperkeratosis (congenital bullous ichthyosiform erythroderma) had a parent with linear 
epidermolytic hyperkeratosis (epidermolytic epidermal naevus). Light and electron microscopy 
of skin biopsies of lesions from the children and parents showed typical epidermolytic 
hyperkeratosis. Gonadal mosaicism in patients with linear epidermolytic hyperkeratosis may be 
responsible for transmission of the abnormality to the offspring. 


Epidermolytic hyperkeratosis (EH) comprises a spectrum of clinical conditions. Three major 
clinical types appearing at birth or in early childhood have been recognized on the basis of 
distribution of lesions: a generalized type known as bullous congenital ichthyosiform 
erythroderma, a linear localized type and a diffuse palmoplantar type. The pattern of 
inheritance of epidermolytic hyperkeratosis has not been completely clarified. While both 
generalized and palmoplantar EH can be inherited as autosomal dominant traits'~*, there is no 
evidence that linear EH can be transmitted as a linear localized form. However, a few 
observations have suggested that patients with linear EH can give birth to children with 
generalized EH.°~’ We describe two additional families with this pattern of inheritance, adding 
to the evidence of a genetic relationship between the linear and the generalized form of EH. 


CASE REPORTS 


Family 1 

This 12-year-old girl was born with generalized erythema and with focal superficial erosions of 
the skin. During the first weeks of life her skin became scaly and then progressively thickened 
over the years. Physical examination revealed a generalized hyperkeratosis with erythema and 
areas of blisters (Fig. 1a). Thick verrucous scales with transverse striations were observed in the 
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FIGURE 1. (a) Twelve-year-old girl with generalize- epidermolytic hyperkeratosis. (b) S reaky and 
reticulated configurations of verrucous tesiens in her-mother with areas of normal skin (family 1). 


major skin folds. The skin on the ‘ace was slightly hyperkeratotic while the palms and soles were 
normal. Routine laboratory investigations and X -rays of thorax and spine were normal. Light 
and electron microscopy of the skin showed changes typical of epidermolytic hyperkeratosis 
with a compact hyperkeratosis and clumps of tonofilaments and cytolysis in the suprabasal 
keratinocytes. Treatment with oral etretinate oO-<—1 mg/kg per day reduced the hyperkeratotic 
changes, but treatment was discontinued after a fw months because of a marked increase in the 
skin fragility. 

Her mother, aged 43 years, was born with an #2 parently normal skin and the first verrucous 
lesions appeared during infancy with pregressive extension and thickening. Physical examina- 
tion revealed a healthy women with bilateral ass mmetric linear and reticulate configurations 
composed of 2-4 mm brown hyperkeratotic papules that followed the lines of Blaschko (Fig. 
1b). Most of her body surface was involved but the face. palms, soles and mucous membranes 
were spared. Her hair and teeth were normal and “here were no skeletal, nervous system or other 
abnormalities. Light and electron mic roscopie studies on a biopsy of hyperkeratotic skin from 
the trunk showed the changes of epidermolytiec hs perkeratosis (Figs 2 and 3). No abnormalities 
were observed in the two biopsies obtained from uninvolred skim from the left arm and back. 

The girl’s sister and father were examined and found to be normal. There was no family 
history and no consanguity. 





FIGURE 2. Semi-thin section of a hyperkeratotic skin lesion from the trunk of the mother of family 1 
showing compact hyperkeratosis with large keratohyalin-like granules and cytolysis in suprabasal 
keratinocytes ( x 100). 





FIGURE 3. Electron micrograph of the same specimen of Figure 2 showing typical tonofibrillar clumps 
(asterisks) and perinuclear shells (arrows) in suprabasal keratinocytes ( x 10000). 
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Family 2 

A 7-year-old boy had at birth generalized hyperkeratosis. Erythema and bullous lesions 
appeared a few days later and, over the years. the skin progressively increased in thickness 
forming transverse streaks in the major skin folds though the blistering became less frequent. 
Physical examination showed generalized erythema, hyperkeratosis with thick verrucous areas 
most prominent on the major fo ds (Fig. 4a) ane superficial skin erosions. The face, palms and 
soles were only slightly hyperkeratotic. Erosion: were present on the legs and trunk. His hair, 
nails and mucosa appeared normal. Routine laboratory tests and X-rays of thorax, spine and 
long bones were normal. Light and electron mie “oscopy of the skin revealed changes typical of 
epidermolytic hyperkeratosis. Systemic treatment with etretinate at a dose of 1 mg/kg per day 
resulted in a marked reduction of the hyperkeratosis without Significant increase in skin 
fragility. 

His father, aged 40 years, had norma! skin at birth and at the age of 3 months warty streaks 
appeared and gradually spread to involve most of the body. He appeared healthy with bilaterally 
asymmetric verrucous lesions disposed in streaks and whorls along Blaschko lines, especially on 
his flanks (Fig. 4b). The genital area was also involved but the face, palms, soles and mucous 
membrane were spared. His hair and teeth were norma! and there were no skeletal or nervous 
system anomalies. Typical changes of epidermolytic hyperkeratosis were seen on light and 
electron microscopy of a skin biopsy frem a hyperkeratoric lesion on the right flank. A biopsy 
taken from clinically uninvolved skin from the same flank was normal. 





FIGURE 4. (a) Thick verrucous scales with transversa! striations on the axillary folds in a 10-year-old boy 
with generalized epidermolyne hyperkeratosis. (b) Plank show ing the striking pattern of verrucous 
lesions in streaks conforming to Blaschko lines in his father (far ilv 2). 
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The boy’s brother and mother were examined and found to be normal. There was no history 
of other affected members and no consanguinity. 


DISCUSSION 


Epidermolytic hyperkeratosis (EH) is a tonofilament system disorder ultrastructurally charac- 
terized by tonofibrillar clumping in the suprabasal layers of the epidermis.®\? Histological 
examination shows a hypergranulosis with compact hyperkeratosis and cytolysis of the 
epidermal cells of the upper malpighian and granular layers.‘° Three major clinical types 
sharing the same ultrastructural abnormality can be recognized on the basis of distribution of 
lesions and pattern of inheritance: a generalized type, a linear localized type and a diffuse 
palmoplantar type. 

Generalized epidermolytic hyperkeratosis (GEH), also known as bullous congenital ichthyo- 
siform erythroderma, is a universal skin defect characterized clinically by generalized erythema, 
verrucous hyperkeratosis and superficial bullous lesions. GEH is inherited as an autosomal 
dominant trait, although many of the cases are sporadic.':* This disorder is expressed in foetal 
life as early as 18 weeks and can be prenatally diagnosed. 1+? 

Linear epidermolytic hyperkeratosis (LEH) displays a mosaic pattern of skin involvement 
with streaky configurations following Blaschko’s lines. It appears gradually after birth and 
presents as a verrucous naevus ranging in extent from a single linear naevus to a unilateral 
(naevus unius lateris) and bilateral systematized naevus that involves most parts of the body. 
Widespread LEH could be misdiagnosed as GEH, although this can be clarified by the linear 
configuration, presence of areas of normal skin and absence of transverse verrucous streaks on 
the major folds. Widespread LEH should also be differentiated from ichthyosis hystrix (Curth- 
Macklin) which presents similar clinical and histologic features. This rare type of ichthyosis can 
be identified by electron microscopy that reveals aggregation of tonofilaments in concentric 
perinuclear shells with no clump formation.'* To our knowledge LEH has never been reported 
to. be transmitted as a localized form, but in three reports it has been observed in parents of 
children affected with GEH.°~’ 

Palmoplantar epidermolytic hyperkeratosis (PPEH), also known as Vorner palmoplantar 
keratoderma, does not display a mosaic pattern of skin involvement. It is probably the most 
common inherited diffuse palmoplantar keratoderma? and presents the same clinical features as 
Thost-Unna disease. More than 30 family reports have established an autosomal dominant 
mode of inheritance*’* and, to date, there is no evidence of any linkage with GEH. 

EH may even occur in acquired skin conditions such as epidermolytic acanthoma‘* and, as an 
incidental histological finding, in a variety of other acquired solitary skin lesions.'® 

Our two families have the same pattern of inheritance of epidermolytic hyperkeratosis, 
confirming a link between LEH and GEH. It has been suggested that the localized form might 
be a mosaic arising from a mutational event occurring during early embryogenesis.'*:!© This 
hypothesis could provide an explanation for many of the puzzling aspects of LEH: the 
distribution of skin lesions along the Blaschko’s lines, the wide range of phenotypes, the 
evidence that this disorder is not transmitted as a localized form and the possibility of GEH in 
the offspring. The gene mutation could involve all of the organs including the gonads, and if the 
children of such a mosaic patient carry the mutation they will have it in all of their cells thus 
exhibiting the generalized form of the disease. 

Careful examination of both parents of a child with GEH is important in order to provide 
genetic counselling to the family. The risk of recurrence of GEH in future offspring is 50°, if 
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one parent is affected with GENH. The risk for a parentaffeeted with LEH is difficult to estimate. 
According to the mosaic hypothesis the risk depernds.on the percentage of gonadal cells which 
are involved by the gene abnormality and should raage from 50% if all the cells were involved to 
0% ifno cells were involved. A cwrrelation betweemthe exte at of cutaneous involvement and the 
likelihood of gonadal mosaicism could also exist Both our patients with LEH had widespread, 
systematized lesions and could carry a higher rist taam patients with small localized LEH. This 
pattern of inheritance may not be rare and it is pessible that some cases of GEH reported as 
sporadic actually had a parent with LEH which remained unnoticed. 

Our observations also emphasize the mMportanceof systematic m stological examination of all 
cases of linear epidermal naevus to look for epidermelytic hyperkeratosis. Patients with LEH 
should be informed about the risk of transmission o epidermolytic hyperkeratosis with a diffuse 
skin involvement to the next generatien and aboat the possibility cf prenatal diagnosis of GEH 
in the offspring by ultrastructural examination ef foetal skin biopsies. 
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Erythropoietic protoporphyria and iron therapy 


Sir, With reference to the report by Milligan er al.' of four cases of erythropoietic protoporphyria (EPP) 
which appeared to be exacerbated by oral iron therapy, we wish to report a case of EPP whose response to 
oral iron has varied on different occasions. The patient was not previously known to have EPP and in the 
past had taken oral iron without untoward effects but presented with a florid exacerbation of EPP 4 days 
after starting ferrous fumarate and discontinuing an oral contraceptive preparation. 

The 27-year-old female patient complained of headache and the only abnormal finding was a microcytic 
anaemia (haemoglobin 9-6 g/dl (normal 12-18), mean corpuscular volume 67 fi (normal 80-99) and a low 
serum ferritin 16 ug/l (normal 40~-70)). Ferrous fumarate 580 mg daily was commenced and the 
contraceptive pill Norimin (Norethisterone 1 mg plus ethinyloestradiol 35 4g) which she had taken for the 
previous 3 months was discontinued. She had never been on oral iron and the contraceptive pill at or 
around the same time. Four days later she developed an intense burning sensation of the skin on the 
dorsum of both hands that was relieved only by immersing the hands in cold water. She had, to a lesser 
degree, burning of the skin on the face. Retrospectively, she recalled several similar but less severe episodes 
of rash that were associated with exposure to sunlight. However, this episode occurred during dull weather 
and was the worst she had ever experienced. On examination there was gross oedema of both hands with an 
erythematous and purpuric rash over the metacarpal heads induced by rubbing and there were a few pitted 
scars on the bridge of the nose. 

The red blood cell fluorescence was strongly positive and the red cell protoporphyrin level was elevated 
at 21004 nmol/l (normal 70-780 using Heller method) 5 days after the last dose of oral iron when the 
exacerbation was at its peak and fell to 12 600 nmol/l 9 days later. The liver enzymes were initially elevated 
with gammaglutamyl! transferase 65 uji (7-46), aspartate transaminase 76 pil (10-40) and alanine 
transaminase 194 14/1 (10-45), but these subsequently became normal. Her alcohol intake was 10 units per 
week. An ultrasound scan of her abdomen showed no evidence of gallstones and no other abnormality anda 
percutaneous liver biopsy revealed normal histology. 

This patient has responded differently to oral iron at different times and this is not consistent with the 
theory of Milligan ez alt that there are two distinct subgroups of erythropoietic protoporphyria 
distinguished by their response to iron. Previously it was believed to be important to correct iron 
deficiency in EPP? as this caused an increase in protoporphyrin production. Avner et al.” noted that raised 
protoporphyrin levels in an animal model induced cholestasis. The oral contraceptive pill can also induce 
cholestasis* which can reduce the excretion of protoporphyrin in bile. The liver enzyme profile in our 
patient would have been consistent with a degree of cholestasis, perhaps related to the oral contraceptive 
therapy or protoporphyria itself and may have modified the response to oral iron on this occasion. Milligan 
et al.) do not state the dose of iron prescribed for their patients but our patient received a relatively large 
dose of 200 mg of elemental iron daily. It may be that the state of the iron stores when oral iron is 
administered, the dose and preparation of iron prescribed or concomitant medication can influence the 
response to oral iron in EPP. 


Royal Victoria Hospital, B.M.McCCLEMENTS 
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Lichen planus following HBV vaccination: a coincidence? 


SIR, A 30-year-old woman who was at risk from hepatitis B virus infection (HBV) and whose father had a 
post-viral chronic active hepatitis (CAH), received HEV vaccine HEVAC B (Pasteur Institute) and had 
three 1-ml doses of the vaccine in April, May and June 1987. In early July, she developed a number of 
slightly itchy, small, erythematous papules on the ankles, feet, hands, fingers and forearms. The lesions 
gradually increased in mumber and size. By October, there were a number of typical smail lichen planus 
(LP)-like papules, and the diagnosis of LP was confirmed on histology and with direct immunofluores- 
cence. A polyclonal antibody to the most frequent HBsAg epitopes (Behring, Marburg, F.R.G.) was tested 
on the lesional skin using an immunoenzymatic assay. but this gave negative results. The eruption was 
treated with a corticosteroid cream and cleared withie i montn. 

Routine laboratory investigations, inchiding the liver enzymes and bilirubin were all normal. In 
September 1987, she had a low titre of anti-HBs antibocies (16 mIU/ml), but in July 1988 both anti-HBs 
and anti-HBc antibodies were negative. 

The occurrence of LP in an HBV -vaccinated patientmay be a coincidence, but may be causally related. 
The association of LP with chronic hepatitis has been reported many times in recent years and is not 
infrequently seen in primary biliary cirrhosis,’ though in Italy CAH has been more frequently 
diagnosed.*"> The prevalence of CAH patierts with LP is much higher than expected and this was also 
found in the U.S.A.* The discrepancy between the findings in Italy and in the U.K. have been attributed to 
a higher prevalence of HBV infection in Italy.°° 

Our patient received a plasma-derived EBV vaccine that originated from native HBsAg particles 
including the S and pre-S proteins. In the HBV genome the two genes, S and pre-S, code for the proteins of 
the viral envelope and the pre-S gene includes two regions (pre-S1 and pre-S2) coding for two specific 
proteins. Native HBsAg is a mosaic of epitcpes (5, gre-S1 and pre-S2), each of which induce specific 
antibodies. Our patient may have been sensitized te one of these proteins, and it is possible that the lichen 
planus occurred as a graft-versus-host reacticn to keratinocytes expressing one of the sensitizing proteins 
or a similar epitope. We would be interested to know how many HBV vaccinated individuals develop 
lichen planus and how they respond with respect to seroconversion. 
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Cyclosporin A in psoriasis: interaction with carbamazepine 


Sir, We report a man who received high doses of cyclosporin A for psoriasis, with no clinical improvement 
and low blood levels of cyclosporin A, until concurrent anti-epileptic treatment with carbamazepine was 
changed to sodium valproate. We believe this is due to the induction by carbamazepine of the hepatic 
cytochrome P450 enzyme system which is the major route of elimination of cyclosporin A. 

A 44-year-old man with an 18-year history of severe erythrodermic and sometimes pustular psoriasis 
had received systemic treatment continuously since 1981. His drugs included methotrexate, razoxane, 
etretinate and chlorambucil. He was admitted with a further episode of erythroderma in October 1986. He 
had a past history of alcohol abuse and a liver biopsy in 1981 showed a minor degree of fatty change. 
Repeated annual liver ultrasounds had shown mild hepatomegaly but his liver function tests had been 
normal for 3 years. He had suffered from suspected epilepsy since 1971, with a normal electroencephalo- 
gram and CT brain scan. He had had no fits since 1981 while on carbamazepine 200 mg b.d. On admission 
he was erythrodermic and all his systemic treatment (excepting carbamazepine) was stopped, namely 
methotrexate, etretinate and chlorambucil. Four days later he was commenced on cyclosporin A at a dose 
of 3 mg/kg per day which was gradually increased to 20 mg/kg per day (1200 mg/day). Despite this high 
dose his cyclosporin A whole blood levels, monitored weekly as a 24-h trough level by radioimmunoassay 
using polyclonal antiserum, remained subtherapeutic and he showed no clinical improvement. Carbama- 
zepine was changed to sodium valproate and within days his cyclosporin A blood level rose and his 
psoriasis improved (Fig. 1). His renal function remained normal throughout as measured by weekly 
creatinine clearance. 

Interactions between cyclosporin A and other drugs are well recognized. Cyclosporin A has been shown 
to be of benefit in the treatment of severe psoriasis," but it has a low therapeutic index and an 
understanding of its pharmacokinetics is helpful. The major route of elimination of cyclosporin A and its 
metabolites is via biliary excretion, urinary excretion accounting only for about 6",,. The cytochrome P450 
system, which is made up of at least eight isoenzymes in man, is thought to be responsible for cyclosporin A 
metabolism. Drugs believed to inhibit the cytochrome P450 system, eg. ketoconazole and erythromycin,* 
have been reported to decrease cyclosporin A elimination. In contrast, drugs which induce this enzyme 
system appear to accelerate cyclosporin A metabolism; reported examples are rifampicin and phenytoin 
and one case of carbamazepine.* We report this as the second case, to our knowledge, of reduction in 
cyclosporin A blood levels apparently due to induction of hepatic cytochrome P450 by carbamazepine. 
The ability to obtain therapeutic blood levels of cyclosporin A by substitution of concurrently 
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FIGURE 1. Changes in the cyclosporin A blood levels (—-™—) and in the doses of cyclosporin A (~~) 
carbamazepine (©0777) and sodium valproate (~--~). 
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A controlled-trial of house dust mite eradication using natamyzin in homes of patients 
with atepic dermatitis 


Sir, I read with interest the article br Coboff et al. (Br 7 Dermatol 1989; E21: 199-208), and I think it is 
unfortunate that in a non-selective greus it should be stated that there was no clinical benefit from 
natamycin or house dust mite regimens. We have ignered fer too long the important part played by the 
house dust mite in the aetiology and natural history of atopic eczema. In uncontrolled studies with 
nocturnal flare atopic children, I have been able te show wp to §50°,, reduction in topical steroid 
consumption. I accept their comment: that uncontrolled studies might be dre to the intervention involved, 
but would urge that in those children w:th nocturnal flares, eradication of house dust mite is important. 
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A Colour Atlas of Dermato-Immunohistocytology. Edited by HIROAKI UEKI AND HIDEO YAOITA 
(1989). London, U.K.: Wolfe Medical Publications. Illustrations: 226 colour, 176 black and white. 
ISBN o 7234 15846. Price £60:00. 


The study of the immunopathology of the skin is becoming an increasingly complex and fascinating field. 
Developments and improvements in the techniques of investigation are advancing our knowledge of this 
subject at an ever increasing rate. It is thus useful to have an overview illustrating the current ‘state of the 
art’ of technical procedures available to us in cutaneous immunohistology edited by two outstanding 
investigators in the field. 

This book is divided into major sections dealing with technical procedures in immunohistology, the use 
of these procedures is enhancing our understanding of the components of normal skin and the findings in 
various dermatological diseases states. Each section covers a comprehensive range of topics with a page of 
text on each topic and one to several pages of illustrations. The major section is the immunopathological 
findings in various dermatoses. Each item includes a brief discussion of the pathogenesis, clinical findings 
and pathology of the disease with a more detailed study of immunopathology. There is a particular 
emphasis on practical points such as the ideal site of biopsy and handling and fixation of the specimen. 

As the format is that of an atlas, the explanatory text is necessarily very brief. The procedures illustrated 
and discussed include immunofluorescence, 1mmunohistochemistry in general and immunoelectron 
microscopy. There is also particular reference to the application of monoclonal antibodies in dermatopath- 
ology. The practical points are useful but it is unfortunate that the general readability of the text is 
hampered by poor translation in parts. 

Most of the illustrations and diagrams are in full colour and they are excellent in both quality and lay out, 
making this a very attractive book. The scanning immunoelectronmicroscopy and three-dimensional 
immunofluorescence micrographs were particularly spectacular. The tables are well thought out and easy 
to interpret. 

Despite the fact that any book about such a rapidly changing field is destined to become out-dated soon 
after publication, this atlas should prove to be a useful and attractive addition to the libraries of 
dermatologists and pathologists with an interest in the immunopathology of the skin. It would be 
particularly useful in giving a general summary on the use of immunohistocytological techniques in fields 
other than the individual’s particular area of expertise. 

M.M.BLACK 
E.M.WHILLSTEED 


Opportunistic Infections in Patients with the Acquired Immunodeficiency Syndrome. 
Infectious Disease and Therapy Series No. 3. Volume Editors: G.LEOUNG AND J.MILLS. (1989). 
Series Editors: B.E.SCULLY AND H.C.Neu. New York: Marcel Dekker. Pp. 476. ISBN: 0-8247-8080-9. 


Infection with HIV, the causative agent of AIDS and the AIDS-related syndromes, ultimately leads to the 
progressive destruction of the sufferer’s immune system, inevitably rendering the patient susceptible to an 
ever-expanding list of exotic and previously unrecognized conditions, many of which may be life- 
threatening. Somewhat perversely, the emergence of AIDS in the 1980s has lead to major advances in 
knowledge concerning two broad aspects of infection. Firstly, much new information concerning the 
whole field of opportunistic infection (OD has emerged since the ability of many previously unrecognized 
pathogens to infect immunocompromised human beings in certain circurnstances has become clear. 
Secondly, the existence of a pool of patients with HIV-related disease suffering from these opportunistic 
infections has lead to the development of more effective and specifically targeted chemotherapeutic agents 
for controlling previously almost untreatable viral, fungal and protozoal infections. 

In the main, this compact volume serves a valuable role by sensibly concentrating the bulk of its 
attention on this enormous and expanding topic of HIV-related OIs. Indeed, it might well have been 
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improved by the editors restricting themselves more close’y to matters more directly relevant to the book’s 
title. For example, the reader is initially subjected te a scamewhat irrelevant epidemiologicaloverview of the 
HIV/AIDS situation (which perhaps concentrates too mach on the USA o be of much use to the reader 
working outside that country) and similar criticisms tught be levelled at the section dealing with the 
immunology of HIV infection; both these sections are far too slight to be of much value to any serious 
student of HIV epidemiology or immunolagy and shou: 3 perhaps have been emitted to allow more space to 
be devoted to the area in which the book is mos likes to be of greatest value, namely in acting as a 
comprehensive and up-to-date reference text for HI V-xssociated Ols. This is a formidable enough task in 
itself; for example, an enormous amount cf new data wes frst revealed to the world at the sth World AIDS 
Conference in Montreal in June 1989 and # will be the sume at the 6thand 70h conferences in San Francisco 
in 1990 and in Florence in rggr. Nonetheless, apart from these relatively minor criticisms, the book has 
Many strengths. It is well-referenced. The chapters examining specifical iy neurological and specifically 
paediatric HIV disease, cutaneous infections, oral r-anifestations, and opportunistic viral, bacterial, 
mycobacterial, fungal and protozoal diseases deal very jaloy with the range ef potential infecting organisms 
which might be encountered and the present ‘state of the art’ with respect to possible therapeutic 
approaches. It performs sterling service ir painting « clear picture of acute HIV infection “HIV 
mononucleosis’) which affects about 2 5°. of HIV-infected individuals and may well be the disease’s first 
presenting feature, and also provides 3 useful appraisal of the specific health problems (often 
dermatological) which might be encountered in HIV-<ancected patients emerging from Africa. Further- 
more, other chapters give helpful hirts concerning the clinical assessment of HIV-infected patients who 
might be suffering from an OL, faking mato account -e-event history taxing, clinical examination and 
appropriate laboratory tests. Another helpful section jocks at specific clinical scenarios such ‘fever’ and 

‘diarrhoea’ and underlines the enorraous differential diagnosis which might exist in such situations. 
The fundamental problem with books such as this ons remains regrettably that they rapidly become out 
of date. Even now this is the case here; for example, tke book contains ne mention of work incriminating 
Microspora spp. as diarrhoea-inducing agents in oi OS, or Actinobacillus Spp., black pigmented 
Bacteroides and Wolinella spp. as the possible causativs agents in HIV-related periodontitis. Obviously, 
therefore, this book will require regular revision if is is to remain both comprehensive and abreast of 
developments, and this may well render i: an €xXPeasive asset if successive editions are to be purchased as 
they appear in print. However, as thangs stamd in the atter half of 1989, this book is an up-to-date and 
admirably comprehensive provider of informatioa abng most of the Obs recognized to occur in HIV 
sufferers and the therapeutic approzches available to trvat them, and skould be of particular value to 
physicians and microbiologists whe are regularly resgemsible for the care of such patients, although it 
should be remembered that all doctcrs may come across HIV-infected petients in their everyday work. 
S.I.GREEN 



















Acne. WILLIAM J.CUNLIFFE (1989). London: Martin ©4mitz. Pp. 391. [Hustrations: innumerable. ISBN 
0-948269-39-1. Price £65-00. 


A bumper sticker, attributed to Woody Allen, states ‘Life is a bitch—and then you die’ perhaps could be 
rewritten as ‘Adolescence is a bitch—and then you ge acne’. The subject is the butt of many jokes and 
considerable misery to many teenagers and young adune. Many myths exist concerning the causation and 
treatment of this condition. Dr Cunjdiffe acd his group im Leeds are well respected for the clear, logical, 
scientific research they have undertaken in this subiect, “ais book is a complete text on the subject and the 
contents reflect the knowledge and enthusiasm of thesxuchor. 

The 20 chapters can be loosely divided into three < “ups, the first six chapters concern the clinical 
aspects of the disease, the next nine d wific research on acne, and the final five chapters 










apters covers sers 
describe the various therapeutic modalities. 

The clinical section includes 66 pages Gescriding tue clinical features of acne with a very solid 
description of the evolution of the various lesiens of acne “+ is probably werth mentioning at this point that 
the quality of the clinical photograpas and their repre duction in the book are excellent. This makes the 
subtle clinical features mentioned in the text quite anders:andable. A sectien on non-acne disorders of the 
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pilosebaceous unit includes a comprehensive review of hidradenitis suppuritiva. The Leeds technique of 
grading acne is well described, but it would probably need personal teaching to make one’s own attempts 
reproducible. 

Nine very thorough chapters on the physiology, biochemistry, microbiology, inflammatory mediators 
and animal models of acne then follow. The practising dermatologist will find these fascinating to dip into 
and gain a much better understanding of the pathophysiology and rationale of treatment of this most 
common disease. The amount of research in this subject is vast and has been very well distilled by the 
author; he even allows a little space for those who disagree with his theories. The descriptions of the 
laboratory techniques are very thorough and in places could be a laboratory manual. The chapter on the 
microbiology of acne is written by Dr K.T. Holland who gives a concise review of the pathogens found on 
the human skin and acne involved areas, demonstrating further the complexity of acne. 

For the reader who may find the thorough way that Dr Cunliffe has dealt with the research behind the 
subject too daunting a read, he has produced a 2-page summary which encapsulates the current thinking on 
the pathogenesis of acne. 

The treatment of acne has evolved through serendipity and logical scientific investigation. Dr Cunliffe 1s 
honest enough to admit that, in early days, his group may have been responsible for advocating low-dose 
antibiotic regimens. His group’s experience of treating all grades of acne is evident in this section. The 
treatment section covers topical treatments, antibiotics, retinoids and treatments of side-effects and the 
sequelae of severe acne. 

This book must rank as the definitive work on acne. The text is thorough but always clear. The book is 
well illustrated with colour plates and clear diagrams. It is perhaps churlish of me to find fault; however, 
there was a 1000-fold inaccuracy in the dose of ethinyloestradiol. Personally, I prefer references at the end 
of each chapter rather than at the end of the book. All practising dermatologists should have access to this 
book. In dermatological centres with an investigational leaning the scientific staff would find it useful. The 
book would prove of use to the interested paediatrician and endocrinologist and would not be out of place 
in a large general practice health centre. 

S.L. WHITE 


Immunological Diseases Volumes 1 and 2 (4th Edition). Edited by M.SAMTER, D.W.TALMAGE, 
M.M.FRANK, K.F.AUSTIN AND H.N.CLAYMAN (1988). Boston, Toronto: Little Brown. Pp. 2044. Price 


£145.00. 


This is the fourth edition of one of the standard textbooks of clinical immunology and many sections have 
been extensively revised and updated since the last edition. Perhaps a sign of the times is the interesting 
addition of a chapter on the immunology of old age. 

The book in arranged in major sections composed of basic immunology, non-atopic immunological 
disorders, atopic diseases, allergic reaction patterns of the skin and finally diseases with immunological 
features. As the senior editor suggests in the preface, this is perhaps the last edition that will be organized 
according to disease patterns. In future editions greater emphasis will be on why the majority of the 
population appears to be protected from or ‘immune’ to immunological disease. There have been many 
very significant developments since the last edition, particularly those in molecular biology. The transition 
from classical basic immunology to molecular immunology has been achieved well in this edition. 

The book has multiple acknowledged expert contributors and, in spite of its size, it has been thoughtfully 
edited so that there is neither repetition nor any significant omission. Many of the chapters are introduced 
with a summary of the relevant historical events with the main text concentrating on the current state of 
knowledge. The chapters are often concluded with predictions and possible future developments. On the 
whole this layout works well and has produced a comprehensive, up-to-date and readable book. It is well 
referenced with excellent clear line drawings and adequate photographs. The book is to be recommended 
to all those in medical training requiring an introduction to the ways in which the immune system may 
prevent or cause disease. 

R.J.PYE 


ia Book Reviews 


ele 


Psoriasis and Eczema (Clinical Handbook Series). =< 
ISBN 1-85457-002-1. £20.00 (estimated). 





ated by L. Fry (1989). Clinical Press. Pp. 202. 


This handbook is intended particulary for young docters working m hosprtals and primary care and for 
those involved in training them. The series tas been desened to cover growmg points in medicine and the 
authors have been chosen because they are werking beth in hospital and tae community. 

In the preface it states that the co-authors are all from the Derraatologe Unit at St Mary’s; there is, 
however, no list of contributors with taeir acpeintment:, which might make the non-dermatologist reader 





index. Dr Lionel Fry covers clinical features in a concis: review illustrated with eleven excellent coloured 
photographs. Dr C.E.N-Griffiths gives a cemprehensive review of the variows treatment options. He states 
in the section of corticosteroids that te achive quicker «: cviation of infiltrated plaques, salicylic acid may 
be added to the cream or ointment to wconcentration of <0", Many cermate logists would be concerned of 
the dangers of salicyism at this concentration. Dr BS. Baxer, whe 18 a scientst and not a clinician, follows 
with an excellent chapter on the aetiepathogenesis of psoriasis based on kar werk with Professor Helgi 
Valdimarsson. All dermatologists would benefit from tiis up-te-dare review of recent developments and 
advances in this field. There is a chapter on the clinical features of eczema bythe late Dr R.J.Clayton which 
covers the various types followed by a chapter on the management of eczema by Dr J.N.Leonard and a 
chapter on the aetiology of eczema by Dr A. V.Powles. ‘Phe treatments recom mended are both sensible and 
non-controversial. It is unfortunete chat gentian violet paint is recommended for intertrigo as this is no 
longer readily available because of its carcinogenicity in animals. | could find no section on industrial 
dermatitis (eczema) which has important medicotega. connotations in the community and any future 
edition should cover this important subject. 

Overall, the book is good value tor money and woli enhance the knowledge of these training in 
dermatology and will be a helpful guide to those workime in hospitals and the community who wish an up- 
to-date guide of psoriasis and eczema. 






N. MORLEY 


Systemic Sclerosis: Scleroderma. Edited by M.L. V.J AYSON AND Carnot M.BLACK (1988). Chichester: 
John Wiley. Pp. 350. £75.00. 


This excellent monograph amply fulfils the editors’ stated objectives, to exccte interest in scleroderma and 
to stimulate integrated clinical and basic research. The contributors ere all acknowledged experts and there 
is generally good editorial contro! with little repetition in spite of tae numer of authors. 

The opening chapters are clear dissertations on the classification, epidemiology and basic underlying 
pathology of scleroderma. Whilst there are data tc suggest a ‘susceptibility gene’ or even a progression 
marker for scleroderma, it is still imprecise anc it will be mreresting to see full restriction-fragment-length 
polymorphism analysis of MHC, immuncgiobulin and T-cell genes, Will < ever be possible to define an 
immune genotype that will develop sclerccerma if exposed to certain envronmental agents? 

Scleroderma is characterized by the over production of collagen and there is a good clear review of the 
structure and the metabolism of collagens with secteses on the possible roles of proteoglycans and 
glycoproteins. 

Animal models may be invaluable :n the study of the carly stages of a disease. Review of the current 
models shows that the tight-skinned (SK) mouse derrm:nstrates striking surelarities to systemic sclerosis, 
although the animals lack the wmmunolegical changes. Further study o the abnormal! regulation of 
collagen in TSK mice may yield important information about scleroderm:. 

The clinical chapters cover all the selevant sections raciuding <«ncocrinopathies and are generally very 
thorough. In the section on the lung. the authors have highlighted hose references of special interest or 
importance. In a book so extensively ceferemced this wo.ic have been a valable feature in other chapters. 

The sections on treatment were perhaps the most eisappointimg, but this may reflect largely on the 
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frustration felt through lack of adequate available treatment. One of the editors has produced a balanced 
and well referenced section on the treatment of systemic sclerosis, but a number of the treatments 
suggested in other sections of the book, whilst interesting, are unsubstantiated. Somewhat illogically, a 
comprehensive table of controlled-treatment trials is to be found in the epidemiology section. 

The line drawings are excellent but the clinical photographs are barely adequate for a book costing 
£75.00. 

The book can be thoroughly recommended to both the clinician wanting a comprehensive review of 


scleroderma and the investigator enquiring about potential growth areas in the subject. 
R.J.PYE 


A Colour Atlas of Nursing Procedures in Skin Disorders. L.A. STONE, E.M.LINDFIELD AND 
S.ROBERTSON (1989). London: Wolfe Medical Publications. Pp. 80. ISBN 0-7234-o09129. Price £14.95. 


This text was compiled to assist general, community and occupational health nurses, health visitors, 
general practitioners and chiropodists. A number of facets are discussed, including the control of skin 
disorders by the correct administration of prescribed therapy; education of patients, their families and the 
general public on skin disorders and healthy skin; and the nurse’s role as co-ordinator between patient, 
their family and skin-care team, and as provider of psychological support. 

The Atlas is divided into 44 sections, each covering a different practical aspect. Sections include such 
diverse aspects as the principles of topical therapy and its correct application, dressing technique in almost 
every potential variation and need for the same, wart treatment, management of infestation, patch testing, 
and photochemotherapy. All sections are exceptionally well illustrated, with clarity of description. The 
section on dressings for ulcers and ulcerated skin, whilst brief, is succinct. This problem is approached by 
the authors in a manner which illustrates their expertise in the field of dermatological nursing. They 
describe Turner’s criteria for the optimum wound-healing environment and incorporate this into an 
assessment of the individual patient’s needs. Any patient whose nurse reads and learns from this section 
has been assisted, in absentia, by the authors. 

The excellent description on patch testing should also assist nurses in the general field to appreciate the 
finer points in the nursing management of patients undergoing this procedure. 

Whilst in the specialist units throughout the country local idiosyncracies may exist, the only major item 
in the Atlas identifiable as unfamiliar is the practice of using wet lint as a method of rehydrating dry, flaking 
eczematous skin. The authors do state that this is only applicable to a very small group of patients. They 
identify this as only for use under medical supervision in hospital. All procedures which they identify as 
such are clearly marked in bold print. 

In the section on care of the erythrodermic patient, the authors have not resisted the obvious temptation 
to extend beyond the title of the book: in an atlas of procedures, the nursing management of the 
erythrodermic patient is perhaps outside its scope. It would have been appropriate in this instance to delete 
the repetition of the equipment list and application of topical therapy and utilise a problem-solving 
approach fully. However, the authors do again indicate the need for specialist management and the general 
nurse has from this an insight into the formulation of a plan of care. 

For the nurse outside a dermatology unit, this text should prove to be an invaluable source of reference 
and learning, particularly in the clear and concise method of presentation. 

It should be readily available in nurse education centres where the learner nurse has been in great need of 
a modern illustrated guide. It should be included in every dermatology sister’s library as a teaching tool: 
the dust would certainly not settle on its covers. The video presentation is awaited.... 

D.N.BOLAND 
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Pharmacology and the Skin. VoL 3, Pharmacolag? of Retiacids in the Skin. Edited by U.REICHERT 
AND B.SHROOT (1989). Karger: Basel. ISBN 3-80554909-1. Pp. 282. Price £99.00. 


While the therapeutic use of retinoids is becoming increasmgly popular in dermatology, end we strive to 
develop new effective derivatives of retimcic acid, the exact mode of actyon of retinoids is still poorly 
understood. This excellent book brings together the manv papers presented at the 8th CIRD Symposium 
on Advances in Skin Pharmacology which was held im Cannes in Septertber, 1988. 

The book is divided into five sections, the first of which covers the cellular biology of retinoids, and 
which includes a number of papers orethe effect of retincads on keratinocyte differentiation and modulation 
of tumour growth. The following ¢2ctioms cover animal pharmacology, pharmacokinetics and safety 
aspects, clinical applications and, finally, chemical symthesis and future aspects. 

As the articles in this book form the proceedings from the CIRD Symposium, the majority are likely to 
appear as full papers in the future, however the book bengs together many excellent reports, and although 
the price of £99.00 may deter individual purchasers, the book will undoubtedly prove to be an invaluable 
asset in departmental libraries. 
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News and Notices 


6th International Congress of Pediatric Dermatology 
Toronto, Canada, June 8-11 1992 


The 6th International Congress of Pediatric Dermatology will be held in Toronto, Canada, 8-11 June 
1992. For further information contact James E. Rasmussen MD, Department of Dermatology, University 
of Michigan, 1910 Taubman Center 0314, Ann Arbor, MI 48109-0314, U.S.A. Telephone: (313) 936- 
4086, FAX (313) 936-6395. 


3rd International Skin Therapy Symposium, Brussels, 17-19 May 1990 


The 3rd International Skin Therapy Symposium will be held in Brussels at the International Conference 
Centre (Heyzel), Brussels, from 17 to 19 May 1990. There is an international faculty of speakers. For 
further information contact Dr Geert Cauwenbergh, Janssen Research Foundation, Turnhoutseweg 30, 
B-2340 Beerse, Belgium. 


The Psoriasis Association 
Josie Bradbury Travel Award, 1990 


Applications are invited for the 1990 Josie Bradbury Travel Award, the amount of the award being £800, 
from those interested in the study of any aspect of psoriasis and its treatment. The forms can be obtained 
from Mrs L. A. Henley, National Secretary, The Psoriasis Association, 7 Milton Street, Northampton 
NN2 7JG, U.K. 
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SUMMARY 


Sera from 17 patients with bullous pemphigoid identified a range of polypeptides of relative 
molecular mass (M,) 240,000, 230,000, 190,000, 180,000, 120,000 and 100,000 from extracts of 
SCaBER cells, cultured human keratinocytes or human epidermis, using an immunoblotting 
technique. The pattern of polypeptides was characteristic for the patient serum and individual 
sera identified similar polypeptides from all three substrates. All 17 sera recognized major 
polypeptides of either M, 230,000 (11 sera) or M, 180,000 (seven sera) under the denaturing 
conditions used for immunoblotting studies. Sera from 12 patients were also examined using an 
immunoprecipitation technique. Polypeptide(s) of M, 230,000 were immunoprecipitated from 
extracts of SCaBER cells by 11 of these sera, despite immunoblotting patterns of M, 180,000 (or 
less) for three of the 11 sera. None of the minor polypeptides recognized in immunoblotting 
studies were immunoprecipitated by these sera. Localization of antigens was determined by 
binding of sera to intact or permeabilized SCaBER cells in an ELISA. Sera which recognized 
the M, 230,000 polypeptide under denaturing conditions also identified an intracellular epitope 
in SCaBER cells, while sera which identified the denatured M, 180,000 polypeptide bound toa 
cell surface epitope. 

Two distinct major antigens are recognized by bullous pemphigoid sera. These both appear as 
molecules of M, 230,000 under non-denaturing conditions, but only one of the molecules is 
dissociated to produce a M, 180,000 polypeptide under denaturing conditions. Epitopes on 
these two major antigens are localized on either side of the cell membrane. 


Bullous pemphigoid is an autoimmune blistering disease in which antibodies and complement 
are fixed to the basement membrane zone (BMZ) of epidermis. Circulating anti-BMZ 
antibodies can be detected by indirect immunofluorescence (IIF) in at least 70°, of patients.’ 
Using immunoelectron microscopy techniques, antigens have been localized to both extra- 
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cellular and intracellular sites, at the BMZ? or the cytoplasmic face of hemidesmosomes of the 
basal cells.3:+ 

A range of polypeptides is recognized by sera from patients with bullous pemphigoid. 
Polypeptides of relative molecular mass (M,) 77,@00-240,000,° or M, 220,000~240,000,° were 
identified in extracts of human epidermis or rabbit corneal epithelium,’ using immunoblotting 
techniques. In contrast, a single antigen?-® or doublet? of M: 220,000-240,000 was identified 
from extracts of cultured keratinocytes, using im munoprecipitation techniques. Ft is not clear 
whether these discrepancies are due either to the source of antigens, or to recognition of 
denatured antigens in immuncbiotting studies and native antigens by immunoprecipitation 
techniques. 

In this study, polypeptides identified by sera fsom patients with bullous pemphigoid were 
characterized using both immuncblotting and immuno recipitation techniques. A squamous 
carcinoma cell line, SCaBER, cultured norms’ human keratinocytes (NHK) or human 
epidermis were used as substrates, The SCaBER cell line has previously been used to study 
antibodies in patient sera which are directed agair.st extracellular or intracellular epitopes.” 





METHOBS 

Cell lines 

The SCaBER cell line was derived from a squamicus cell carcinoma of human bladder.'° The 
cells were cultured in Dulbecco’s modified Eagle's medium (DMEM) supplemented with rot 
heat-inactivated fetal calf serum (FCS), 2 mmol)! L-glutamine and 20 mmol/l HEPES buffer. 
Confluent cells were subcultured every 3-4 days asing 025°, trypsin and or“ ethylenedia- 
mine tetraacetic acid (EDTA) in calcium and magnesium-free Hanks’ balanced salt solution, 
before reseeding at 1 x 10° cells per 85 cm? flask. 

Human keratinocytes were cultured from skin obtained after surgery. The epidermis was 
separated from the dermis by incabation with o 72 5% dispase for 16 h at 4°C and epidermal 
cells were dissociated by incubaticn with 25", trypsin and ©-02°, EDTA for 30 min at 37°C. 
The cells were seeded at 10° per cm? in 3 parts DMEM and t part Ham’s F-12 sapplemented 
with 10°, FCS, 2 mmol/l L-glutamine, 1-1 pmol /T hy drocertisone, 2-1 pmol/l cholera toxin and 
20 mmol/l HEPES buffer. After the cells had pated down, 1°64 pmol/l human epidermal 
growth factor was added to the medium. Cells were subculrured when almost confluent and 
reseeded at a 1:2 split ratio. 

A fibroblast cell line was established from citgrowth cultures of human dermis, using 
standard techniques. 


Sera 
Sera were taken from 17 patients with bullous peraphigoid. The diagnosis was determined by 
clinical, histological and immunopdathological criteria. Two patients had mucous-membrane 
involvement and four patients hac localized dtseas:. All sera were positive, determined by IIF 
on normal human skin sections, with titres from 1/40 to 1/640. 

Control sera were taken from 12 individuals wath unrelated inflammatory dermatoses and 
from six patients with pemphigus vulgaris. Sere trom patients with pemphigus vulgaris had 
titres of 1/40-1/1280. All the sera were stored at — 20°C. 


Preparation of cell extracts 
Extracts of SCaBER cells, culrared keratinocyes, fibroblasts or human epidermis were 
prepared according to the method of Labib er a]? -leat-separated epidermis was homogenized 







Two major antigens in bullous pemphigotd sera 437 


in 0-22 ml extraction oun per cm7 . Confluent layers of cultured cells were scraped into 0-05 ml 
extraction buffer per cm? and sonicated for 3x 10sat4°C. The extraction buffer comprised 35 
mmol/l sodium dodecyl sulphate (SDS), 0-64 mol/l 2-mercaptoethanol, 2 mmol/l phenylmethy! 
sulphonyl fluoride (PMSF), 10 mmol/l EDTA, 15 pmol/l pepstatin, 21 mol/l! leupeptin, I5 
pmol/l antipain and 16 umol/l chymostatin. Extracts were heated at 100°C for 3 min, cooled on 
ice and centrifuged at 100,000 g for 30 min at 4°C. The supernatants were stored at — 70°C. 

A total of five extracts were prepared from SCaBER cells (passage numbers 88-98), five 
extracts from NHK, three extracts from human epidermis and one extract from a fibroblast cell 
line. 


Immunoblotting 

seaurobloting was performed by a modification of the methods of Labib ez al.° and Stanley et 
al.° A 30-40 ul sample of cell extract was diluted with an equal volume of gel sample buffer, 
separated on SDS-polyacrylamide gels and transferred onto nitrocellulose sheets. The 
nitrocellulose was blocked with 3°, bovine serum albumin (BSA) for 1 h at 37°C and incubated 
for 3 h at 37°C with 1/100 or 1/200 dilutions of patient or control sera in 10 mmol/I Tris buffer 
pH 76,015 mol/l NaCl (TBS) with 3°, BSA and 0-5, Nonidet P-40. The nitrocellulose sheets 
were washed using six changes of TBS and 0-5°, Nonidet P-40, for 1 h. Antibody binding was 
detected by incubation with a 1/1000 dilution of horseradish peroxidase-conjugated rabbit anti- 
human IgG (Dako) for 1 hat 37°C. After washing in four changes of TBS and o-s% Nonidet P- 
40 and two changes of ṣo mmol/l Tris buffer at pH 7-6, antibody binding was visualized using 
0-14 mmol/l 3,3’ diaminobenzidine tetrahydrochloride and 3 mmol/l hydrogen peroxide in 50 
mmol/l Tris/HCl at pH 7-6. 


Immunoprectpitation 

Confluent SCaBER cells or NHK were extracted with 25 ul of phosphate-buffered saline pH 
T4, 05% Nonidet-P40, 2 mmol/l EDTA and 1 mmol/l PMSF per cm? of cultured cells. Cell 
extracts were mixed with 0-1 M sodium borate buffer pH 8-5, before radiolabelling with 40 uCi of 
Bolton and Hunter reagent per ml. Radiolabelled cell extracts were pre-absorbed with 20 ul of 
control serum (C1), prior to immunoprecipitation with 20 ul of patient or control serum per ml 
of cell extract, according to the method of Stanley et al.° Antigen-antibody complexes were 
dissociated by boiling in 100 yl of gel sample buffer containing 2-mercaptoethanol. The 
polypeptides were separated by SDS-PAGE, as described above. Autoradiography was 
performed for 4-7 days at — 70°C. 


ELISA 

Binding of bullous pemphigoid sera to intracellular or extracellular epitopes was determined 
using viable or permeabilized SCaBER cells as substrate for an ELISA.’ Specific binding is 
indicated by the ELISA binding index, which represents the optical density (O.D.) at 492 nm 
for a 1/256 dilution of test serum, after subtraction of the background binding calculated using a 
similar dilution of reference control serum. 


RESULTS 


Immunoblotting 
_ Sera from 17 patients with bullous pemphigoid were selected on the basis of positive IIF- 
staining on human skin sections. A range of polypeptides was identified by all 17 sera tested, 
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which are therefore considered to be positive by bumunoolotting. Polypeptides of M, 240,000, 
230,000, 190,000, 180,000, 120,000, 130,000 or 80,000 were identified in extracts of SCaBER 
cells (Fig. 1a), cultured human Keretmoeytes (Fig. rb) or human epidermis (Fig. 2a). These 
polypeptides were not identified ir any cel extracts by 18 control sera, nor in extracts of cultured 
human fibroblasts by bullous peraphizoid sera (Fg. 2b). Non-specific binding of patient and 
control sera was observed with pelypepticdes of lees than iVi, 80,000. 

Individual bullous pemphigoid sera recognized 2 similar set of polypeptides from consecutive 


cell extracts and also from extracts of SCaBER cells, cultured keratinocytes or human 
owever, petient sera recognized a doublet of 
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epidermis, in the majority of cases. In twò cases, 
M: 240,000-230,000 from SCaBER ceils and cultured keratinocytes, compared with a single 
polypeptide of M, 230,000 from human epidermes. 

The number and range of po.ypeptides recognized by 17 bullous pemphigoid sera are 
illustrated in Figure 3. All sera recogn zed polypectices of M. 230.000 (10 sera) or 180,000 (six 
sera) and one patient serum recognized both these pelypeptides. 

Additional serum samples obtained frcrn three patients were I[F-negative on skin sections, 
but showed identical immunoblotting patterns te the IIF-positive serum samples from these 
individuals. Thus, immunoblottiag may be a meee sensitive method for detection of specific 
antibodies in patient serum. 
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FIGURE I. Polypeptides identified be bulksas pemphigox: sera (BP) or control sera (C) in extracts of (aj 
SCaBER cells or (b) cultured human keratinocytes. Compenents of the cell extracts were separated by 
SDS-PAGE, transferred to nitrocellu‘ose sheets, and starsed using the immunoperoxidase method. 
Bullous pemphigoid sera recognized paiypeptides of Af, 240,000. 230,000, 190,000 and 180,000. 
Migration of M, standards are indicated. 
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FIGURE 2. (a) Polypeptides recognized by bullous pemphigoid sera (BP) or control sera (C) in extracts of 
human epidermis, using an immunoblotting technique. Bullous pemphigoid sera identified polypeptides 
of M, 230,000 or M, 180,000. (b) Non-specific binding of sera, demonstrated using extracts of cultured 
human fibroblasts. 


Immunoprecipitation 

Sera from 12 patients with bullous pemphigoid were selected for immunoprecipitation studies. 
These sera had immunoblotting patterns of M, 230,000 (seven sera), M, 180,000 (four sera), or 
both major polypeptides (one serum), in addition to minor polypeptides. Sera from 11 patients 
immunoprecipitated a polypeptide of M, 230,000 from radiolabelled extracts of SCaBER cells 
(Fig. 4a). A similar polypeptide was also immunoprecipitated by five of six patient sera from 
extracts of cultured keratinocytes, confirming the results with SCaBER cell extracts. Control 
sera from seven individuals and from three patients with pemphigus vulgaris did not 
immunoprecipitate the M, 230,000 polypeptide (Fig. 4b). 

One patient serum did not immunoprecipitate polypeptides from either SCaBER cell or 
NHK extracts, although this serum recognized a M, 180,000 polypeptide in immunoblotting 
studies. This patient serum had a low initial IIF-titre of 1/40 and had been stored over 6 years at 
— 40°C before use in immunoprecipitation studies. 
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FIGURE 3. Number and range of polypeptides recognized by sera from 17 patients with bullous 
pemphigoid in extracts of SCaBER cells, cultured hunan keratinocytes or human epidermis. 
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FIGURE 4. Polypeptides immuneprecipitatec by (a) bulbus pemphigyid sera (BP) or (b) contro! sera (C), 
including sera from patients with pemphigus vulgar» (PV), from extracts of SCaBER cells. Bullous 
pemphigoid sera immunoprecipitated 2 radiolabeled polypepude of M, 230,000, determined by 
autoradiography. Migration of M{_stanc ards are indicted 
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FIGURE §. Differences in specific binding of bullous pemphigoid sera (BP) to intact, viable SCaBER cells 
(V) or permeabilized cells (P), determined by ELISA. Bullous pemphigoid sera which recognize the M, 
230,000 polypeptide in immunoblotting studies showed a significant increase in specific binding to 
permeabilized cells (P < 0-01). Sera which recognize the M, 180,000 polypeptide showed similar specific 
binding to both viable and permeabilized cells. 


Localization of antigens 

Antigens were localized by binding of bullous pemphigoid serum to intact, viable SCaBER cells 
or permeabilized cells, determined by ELISA. Sera were grouped according to specificity for 
either the M, 230,000 or 180,000 polypeptide, in immunoblotting studies. Sera which 
recognized the M, 230,000 polypeptide bound predominantly to permeabilized cells (Fig. 5). 
This difference in specific binding to viable or permeabilized SCaBER cells was significant at 
P <o-o1 (Wilcoxon signed rank test) for these sera. In contrast, sera which identified the M, 
180,000 polypeptide showed comparable specific binding to both viable and permeabilized cells 
(Fig. 5). One patient serum recognized both major polypeptides in immunoblotting studies, but 
bound beyond the limits of the ELISA (Fig. 5, open circles). 


DISCUSSION 


The range of polypeptides from M, 80,000 to 230,000 recognized by sera from patients with 
bullous pemphigoid appear to be specific for the disease, since they are not recognized by a panel 
of control sera, nor identified in extracts of cultured human fibroblasts. All patient sera 
recognized either or both of the major polypeptides in extracts of SCaBER cells, cultured 
keratinocytes or epidermis. The M, 230,000 polypeptide was identified by 59% of sera, the M, 
180,000 polypeptide by 35% of sera and both polypeptides by 6% of sera. A similar range of 


EE polypeptides from M, 77,000 tọ 240,000 has been identified in a previous immunoblotting 


— study, with the majority of bullous pemphigoid sera recognizing polypeptides of M, 230,000 
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and 180,000, although only the Ai, 230,000 polypeptide has been cetected in extracts of human 
skin by some authors.®!! These discrepancies may >e explained by the differences in buffers 


The pattern of polypeptides identifed by individual sere suggests an association between 
certain polypeptides. For exampi2, 57% of bulloss per pnigoid sera which recognized the M, 
180,000 band also identified bands at M, 100,00e andor 80.000, which appear to be cleavage 
products of the major M, 180,000 polypeptide. The M, 180,000 polypeptide, however, is 
unlikely to be derived from the M, 230.000 polypeptide. since antisera which recognize the 
smaller polypeptide would also recognize the larger polypeptide in the cell extracts. This is 
observed with only one patient serum. and the remaining 16 patient sera identify either the M, 
230,000 or the M, 180,000 polypeptice. 

Since individual patient sere recognized a characteristic set of polypeptides in extracts of 
either cultured cells (SCaBER cells or NHK) er buman epidermis, discrepancies between 
antigens identified frem human skin’ er from culrured keratinocytes*? cannot be attributed to 
differences in antigen expression :n uico er in viro. To examine whether these differences are 
due to recognition of denatured or nazive ant.gers by bullous pemphigoid sera, polypeptides 
were immunoprecipitated from extracts of SCaRER célls or cultured keratinocytes prepared 
under non-denaturing conditions. AH but one mation’ serum inamunoprecipitated a major 
polypeptide of M, 230,000, although three of these patient sera recognized only the major M, 
180,000 polypeptide under denaturing conditions. Thus. bullous pemphigoid sera recognize 
native antigen(s) of M, 230,000, but also identify two distinct denatured antigens cf M, 230,000 
and M, 180,000. The epitopes recognizec by patent sera are likely to be present on different 
antigens, since the majority of sera which recognized the denarured M, 180,000 polypeptide did 
not recognize the M, 230,000 polypeptide under these conditions. Further evicence for the 
existence of two separate major antigens is the detection of only the M, 180,000 antigen in 
extracts of human amnion by bullcus pemphigoid sera which identify both the M r 230,000 and 
180,000 antigens in extracts of human epidermis. ? 

Localization of these distinct epitopes was demonstrated by bir.ding of patient sera with a 
particular specificity to either viab/e or permeabilied SCaBER cells in an ELISA. An increase 
in specific binding to permeable cells, comparec with viable celis, indicates recognition of 
intracellular epitopes. Patient sera which show milar specific binding to both viable and 
permeabilized cells must recognize extracellular -~rtopes. Bullous pemphigoid sera which 
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FIGURE 6. Proposed model for the structure of two emtnect ballous pemphigoid antigens. Bullous 
pemphigoid sera recognize epitopes (Er, Eza or Exh on either er both of the major antigens. 
Denaturation of the antigens under the concitiens used for immmnuacbloring studies allows discrimination 
between two native antigens of JA, 240,002, 
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recognized the M, 180,000 polypeptide in immunoblotting studies also identified extracellular 
epitope(s) and those specific for the M, 230,000 polypeptide identified intracellular epitope(s). 
It appears that heterogeneous antibodies in sera from patients with bullous pemphigoid 
recognize at least two distinct epitopes, which are localized at either side of the cell membrane. 
This hypothesis would explain the detection of antigens in the BMZ? or within basal cells,” 4 
using different patient sera as antigen probes. 

The distinct epitopes recognized by bullous pemphigoid sera appear to be present on two 
separate M, 230,000 antigens, which cannot be distinguished in native conditions by 
immunoprecipitation studies (Fig. 6). One of the epitopes (E1) is recognized in either a native or 
denatured configuration (Fig. 6a). The other epitope(s) are present on a distinct antigen which 
exists at M, 230,000 under native conditions, but is dissociated to produce a molecule of M, 
180,000 under conditions used for some immunoblotting studies (Fig. 6b). Although these 
proteins are of similar size under native conditions, the difference in stability under denaturing 
conditions shows that they are distinct proteins. Heterogeneous antibodies present in patient 
sera appear to be directed against either of these antigens, with no cross-reactivity detectable by 
immunoblotting. These results are confirmed by a recent report,’ > describing affinity 
purification of antibodies from patient serum using either denatured M, 230,000 or 180,000 
polypeptides. Only the specific antigen is detected using an immunoblotting technique, 
although antibodies directed against the denatured M, 180,000 polypeptide also immunopreci- 
pitate the M, 230,000 polypeptide, '* which may indicate partial cleavage of the second antigen. 
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SUMMARY 


Using an immunoblotting technique, sera from 25 patients with pemphigoid gestationis were 
examined and tested against epidermal and dermal extracts of normal skin. The major antigen 
recognized by seven patients’ sera was a molecule of 180 kDa, pemphigoid gestationis antigen, 
extractable only from the epidermis. Sera from 18 patients with bullous pemphigoid were 
studied as positive controls and the major antigen recognized was a larger molecule of 220 kDa. 
There was some degree of shared recognition of antigens with three patients with pemphigoid 
gestationis recognizing the 220 kDa bullous pemphigoid antigen. In addition one bullous 
pemphigoid serum recognized the 180 kDa pemphigoid gestationis antigen. The dominant 
pemphigoid gestationis antigen, however, differs from bullous pemphigoid antigen. 


Pemphigoid gestationis (PG) is a rare autoimmune condition characterized by subepidermal 
blister formation.! Tissue damage appears to be mediated by an IgG antibody (PG factor) 
directed against a constituent of the cutaneous basement membrane zone (BMZ).* PG factor is 
of the IgG1 subclass? and deposition of PG factor and subsequent activation of complement 1s 
integral to bulla formation.* The BMZ component against which PG factor is directed is not yet 
fully characterized. Ultrastructural studies have demonstrated immunoreagent deposition 
within the lamina lucida of BMZ.° Indirect immunofluorescence studies using chemically (1M 
NaCl) separated skin as a substrate have localized the antigen on the epidermal aspect of the 
cleaved tissue, on the lower pole of the basal keratinocytes,° a binding site similar to the binding 
of bullous pemphigoid (BP) sera.’ 

In the majority of patients with BP, antibodies are thought to be directed against the bullous 
pemphigoid antigen (BPA). This molecule has been shown to be a glycoprotein macromolecule 
of 220 kDa® by immunoprecipitation, although there is evidence of molecular heterogeneity of 
= BP antigens by immunoblotting.? BPA is a normal constituent of stratified squamous 
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epithelium and what makes this molecule antigenic in patients with BP is unclear. The clinical, 
histological and immunological similarities betwen PG and BP have led to speculation that 
BPA may also be a major antigenic determinant m PG. 

Employing a Western blotting cechaique in the analysts of sera from 25 patients with PG, we 
have studied the specificity of these sera to extracts of human skin to identify the antigen 
recognized by PG factor. 


MET H Cab 5 


Sera 

Serum samples were obtained from 25 patients with PG, diagnosed on the basis of typical 
histological and immunological fndings. The serum was divided into aliquots and stored at 
~70°C until use. All the sera were >ositive for anti-BMZ IgG and IgGrt using an indirect 
immunofluorescence technique;” titres varied fren 1:5 to 12128. 


Control sera 

Normal human sera from 10 rancoraly szlected b cod denors with no evidence of skin disease 
were used as controls. In addition, 18 patients wah bullous pemmhigoid, diagnesed clinically 
and confirmed by typical histelogica’ ard immeumclogical findings formed a second, positive 
control group. All of the patients with BP had e rculating anu-BMZ antibodies detected by 
indirect immunofluorescence using 1 M NaCl separated skin as substrate, which was bound to 
the epidermal aspect of the split tissue. 


Tissue extracts 

Fresh human skin was dissected frora surgical specimens. Excess fat and connective tissue were 
removed and the specimens were cut into pieces of appreximarely 5x3 mm. These were 
incubated overnight in 1 M NaC! soluvior. contarmimg 50 pM phenyl-methyl-sulphonyl-fluoride 
(PMSF) and 1 mM EDTA whch provided separation through the BMZ. The epidermal and 
dermal preparations thus obtained were extracted separately using the same techniques. They 
were washed briefly in distilled water and inc. bated overnight in urea buffer (8 M urea 
containing 1 mM EDTA, 50 um PMS = and o-3M %-mercaptoethamol). The extracts were then 
filtered through a coarse nylon Silter ane centrifuge). The supernatant was divided into aliquots 
and stored at ~ 20°C. 


Sodium dodecyl sulphate—polvecryvlan ide gei electrophoresis 

‘Tissue extract samples were preparec for clectronhoress be the addition of sodium dodecyl 
sulphate (SDS) sample buffer ‘0-08 M Tris HOL cH 6-8; c M dirniothrieol; 10°,, SDS; 50°, 
glycerol) to epidermal and derma. supernatants in a rato 1:73. Standard siab gel SDS 
polyacrylamide gel electrophoresss (SDS PAGE’ was performed et acrylamide concentration 
5°, as described by Laemmli.’ Comrrerczially available prestained marker proteins of MW 90 
and 200 kDa were run for calibration. 


Vestern blotting 

Proteins separated by SDS-PAGE slab gei were transferred electrochoretically to nitrocellulose 
membrane using the trans-blet cel. BioRac) as described by Towbin.'! The unoccupied 
protein binding sites on the nitrocellulose membrane were blocked by incubation overnight 
with PBS containing 3°, BSA anc 0o-03°,, Tween 20. The blocked membrane was then cut into 
strips 4 mm wide. Each strip was incubeted for 1 b at 37 C with patients’ or control serum, 
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TABLE 1. Frequency of detection of protein bands in Western blots 





Number of sera detecting 


bands 
_ Totalin Se 
Serum studied group M, 180 kDa M, 220 kDa 
Normal human sera Io o (8) 
Bullous pemphigoid 18 i 3 
Pemphigoid gestationis 25 7 3 


diluted 1:5 with o-05°, Tween 20 in PBS at pH 7-4. After washing for 20 min in PBS/T ween 20, 
then 20 min PBS, each strip was incubated for 1 h with peroxidase-labelled affinity purified goat 
anti-human IgG (Kirkegard and Perry, MD, U.S.A.). Finally the strips were washed again as 
before and then visualized by incubation for 15 min at room temperature with a freshly prepared 
solution of 3,3’ diaminobenzidine HCI (0-05 mg/ml) and o-01°,, H,O, in 50 mM Tris HCI, pH 
4-6. Each strip was washed in PBS and air-dried. The SDS-PAGE and Western blotting 
experiments were separately performed in two different laboratories. Only when both sets of 
results were identical on repeated testing were they interpreted as conclusive. 


RESULTS 


The frequency of detection of protein bands in PG, BP and control sera is summarized in Table 
1. The major molecular antigenic determinant detected in the PG sera by immunoblotting was a 
macromolecule of 180 kDa, with seven sera of 25 tested (28%) recognizing this protein (Fig. 1). 
This molecule was extracted from the epidermal component of skin but could not be detected in 
the dermal extract. In our group of positive control patients with BP, the most consistent 
binding was to a protein band of 220 kDa. One bullous pemphigoid serum reacted with a 
molecule of 180 kDa (Fig. 1). In three PG sera (12°) the 220 kDa protein band was also 
recognized but always in addition to the 180 kDa band. No PG sera bound exclusively to the 220 
kDa protein. The remaining 18 patients with PG did not consistently bind to either the 180 or 
220 kDa protein, nor to a protein of any other molecular weight. 

No normal control sera identified either the 180 kDa or the 220 kDa protein. A variety of 
bands of 95, 115, 125 and 135 kDa (Fig. 1) were detected in an irregular fashion in all three 
groups of sera. These were often of irregular density of staining and were generally of a diffuse 
nature. Multiple bands were also identified in the range 10-60 kDa, again of diffuse nature and 
with a character unlike the bands detected at 180 and 220 kDa. 


DISCUSSION 


The cutaneous BMZ is a complex structure composed of a variety of components.'? Some of 
these components, such as type IV collagen, laminin, fibronectin, entactin and epidermolysis 
bullosa acquisita antigen have been fully categorized,'*"'® but others await accurate identifica- 
_ tion. In the acquired subepidermal bullous diseases autoantibodies are produced which react 
«with an antigen associated with the BMZ. In BP the antigen has been identified as bullous 
te -pemphigoid antigen (BPA)? which is a macromolecule glycoprotein synthesized by the basal 
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FIGURE 1. Immunoblot of epidermal extract. Pemptagoid gestadonis sera, lanes 2, 3, 4 identify an 
epidermal antigen of 180 kDa. Pemphigoid gestationis sera in lanes 2 and 4 in addition bind to amolecule 
of 220 kDa. Bullous pemphigoid sera (lanes 5 and 6 bir! toa molecule of 220kDa. Normal] human serum 
(lane 1) binds to neither of these molecules. Insignificane>inding to small M, contaminants may be seen in 
all the lanes (Immunoperoxidase) 


keratinocyte. Most workers estimate BPA to be of the order of 220 kDa,” but some recent studies 
recognize an clement of antigenic heterogeneity.” © 

In this study it has been shown by immuneblotting that in PG the maior antigenic 
determinant recognized by a significant Propertion o” patients’ sera is a macromolecule of 180 
kDa. This molecule, PG antigen, can be extracted from the norme! epidermis and is a normal 
constituent of skin. Some PG sera alse bind to th= major antigen in BP, which in our study is 
confirmed as a 220 kDa protein. Similarly, some BP sera bind to the major PG antigen in 
addition to BPA. There is, therefore, some degree of shared molecular specificity between the 
two conditions. 

The exact molecular nature of PG antigen needs to be Cetermined, particularly the nature of 
the antigenicity of this molecule, which is clearly 20m-antigenic in the normal individual. We 
have previously found evidence of antigenic cross reactivity between the skin and placenta in 
PG.®° In the placenta, the antigen can be demonstrated from the second trimester of pregnancy 
until term, and it may be that exposure to this antigen during pregnancy is required for antibody 
production. Further evidence for placental initiatien ef PG comes from studies!*"? which have 
demonstrated abnormal expression of MHC I! molecules in the placentae of patients with PG. 
A similar method of triggering autoimmune respuns2s has been demonstrated in a variety of 
tissue-specific autoimmune disease.*° Local allogeneic reactions between maternal lympho- 
cytes and paternal MHC class II molecules in the placenta may be important in the initiation of 
the autoimmune response in PG.*! 


Antigen in pemphigoid gestationts 449 


= REFERENCES 


1 Schaumburg-Lever G, Saffold OE, Orfanos CE, Lever WF. Herpes gestationis: histology and ultrastructure. Arch 
Dermatol 1973; 107: 888-92 
2 Jordan RE, Heine KG, Tappeiner G et al. The immunopathology of herpes gestationis. Immunofluorescence 
studies and characterisation of the HG factor. J Clin Invest 1976; §7: 1426-33. 
3 Kelly SE, Cerio R, Bhogal BS, Black MM. The distribution of IgG subclasses in pemphigoid gestationis. PG factor 
is an IgG autoantibody. 7 Invest Dermatol 1989; 92: 695-8. 
4 Provost TT, Tomas: TB. Evidence for complement activation via the alternate pathway in skin disease. J. Herpes 
gestationis, systemic lupus erythematosis and bullous pemphigoid. 7 Clin Invest 1973; $21 1779. 
§ Honigsmann H, Sting] G, Holubar K, Wolff K. Herpes gestationis; fine structural pattern of immunoglobulin 
deposits in the skin in vivo. J Invest Dermatol 1978; 66: 389-92. 
6 Kelly SE, Bhogal BS, Wojnarowska F, Black MM. Expression of pemphigoid gestationis related antigen by human 
placenta. Br 7 Dermatol 1988; 118: 605-11. 
7 Gammon WR, Briggaman RA, Inman AO er al. Differentiating anti-lamina lucida and anti-sublamina densa 
antibodies by indirect immunofluorescence in 1 M NaCl separated skin. J Invest Dermaol 1984; 82: 139-44. 
$ Stanley JR, Hawiey-Nelson P, Yuspa SH ez al. Characterisation of bullous pemphigoid antigen: a unique basement 
membrane protein of stratified squamous epithelia. Cell 1981; 24: 897-903. 
9 Labib RS, Anhalt GJ, Patel HP ez al. Molecular heterogeneity of the bullous pemphigoid antigens as detected by 
immunoblotting. 7 Immunol 1986; 136: 1231-5. 
10 Laemmli UK, Favre M. Maturation of the head of bacteriophage T4. J Mol Biol 1973; 80: $74. 
11 Towbin H, Staehelin T, Gordon J. Electrophoretic transfer of proteins from polyacrylamide gels to nitrocellulose 
sheets; procedure and some applications. Proc Natl Acad Sci 1979; 76: 4350-4. 
12 Martinez-Hernandez A, Amenta PS. The basement membrane in pathology. Lab Invest 1983; 48: 656-77. 
13 Yaoita H, Foidart J-M, Katz SI. Localisation of the collagenous component in skin basement membrane. F Invest 
Dermatol 1978; 70: 191-3. 
14 Foidart J-M, Bere EW, Yaar M ez al, Distribution and immunoelectron microscopic localisation of laminin, a non 
collagenous basement membrane glycoprotein. Lab Invest 1980; 42: 336-42. 
1§ Alstadt SP, Hebda PA, Chung AE, Eaglstein WH. Effect of basement membrane entactin on epidermal cell 
attachment and growth. J Invest Dermatol 1987; 88: 55-9. 
16 Woodley DT, Briggaman RA, O'Keefe EJ er al. Identification of the skin basement membrane autoantigen in 
epidermolysis bullosa acquisita. N Engl F Med 1984; 310: 1007-13. 
17 Zhu X-J, Bystryn J-C. Heterogeneity of pemphigoid antigens. J Invest Dermatol 1983; 80: 16-20. 
18 Borthwick GM, Sunderland CA, Holmes RC er al. Abnormal expression of HLA-DR antigen in the placenta of a 
patient with pemphigoid gestationis. J Reprod Immunol 1984; 6: 393-6. 
19 Kelly SE, Fleming S, Bhogal BS ez al. The immunopathology of the placenta in pemphigoid gestationis and linear 
IgA disease. Br J Dermatol 1989; 1201 735-43. 
20 Foulis AK. The pathogenesis of beta cell destruction in type I (insulin-dependent) diabetes mellitus. 7 Pathol 1987; 
1§2: 141-8. 
zt Kelly SE, Black MM, Fleming S. Pemphigoid gestationis: a unique mechanism of initiation of an autoimmune 
response by MHC class II molecules. 7 Pathol 1989; 1§8: 81-3. 


British Journal of Dermatology (1990) 123, 451-458. 


Alterations induced in normal human skin by 
in vivo interferon-gamma 


J.N.W.N.BARKER, M.H.ALLEN AND D.M.MACDONALD 


Laboratory of Appled Dermatopathology, United Medical and Dental Schools (Guy’s Campus), Guy’s Hospital, 
London, U.K. 


Accepted for publication 5 October 1989 


SUMMARY 


In a study of the direct effects of interferon-gamma (IFN-y) on normal human skin, healthy 
adult male volunteers received either 3 ug (n=4) or 30 ug (n=9) of recombinant IFN-y 
administered intradermally over 3 days. Biopsies were taken on day 6 and histopathological 
examination of fixed parafin-embedded sections from sites which had received 30 ug IFN-y 
revealed a moderate perivascular lymphohistiocytic dermal infiltrate with mast cells. Immuno- 
phenotyping of 5 um cryostat sections demonstrated that 3 ug IFN-y induced keratinocyte 
HLA-DR expression in the absence of any significant infiltrate. More intense keratinocyte 
HLA-DR expression was produced by 30 ug IFN-y in all specimens, with HLA-DP 
concurrently expressed in three biopsies. The ratio of CD4:CD8 cells within the infiltrate was 
approximately 3:1. CD1* cells within the epidermis were markedly depleted by 30 ug IFN-y, 
while CD 1-labelled cells were observed in the dermal perivascular infiltrate. Intradermal IFN-y 
induces similar immunopathological changes to those observed in many of the inflammatory 
dermatoses. 


Interferon-gamma (IFN-y), a glycoprotein whose gene in the human is located on the short arm 
of chromosome 12, is a soluble cytokine derived from activated T lymphocytes.’ Although it 
possesses both antiviral and antiproliferative activity, its main physiological function appears to 
be as a potent modulator of most T lymphocyte-mediated immune responses.* These 
immunomodulatory properties include: mediation of both macrophage and B lymphocyte 
activation, enhancement of T lymphocyte activity including natural killer cell activity, increased 
production of class II major histocompatibility (MHC) antigens by antigen presenting cells 
(APC), and induction of aberrant class IJ MHC antigen expression by a variety of epithelial cell 
types.° 

Many inflammatory dermatoses such as lichen planus, discoid lupus erythematosus and 
allergic contact dermatitis, are characterized by a dermal infiltrate in which activated T 
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lymphocytes are prominent, anc by keratinocyte eapression of HLA-DR,*° one product of the 
class IIT MHC locus. Since IFIN~» is derived from activatec T lymphocytes and can induce 
keratinocyte HLA-DR expression,” ’ it may play en :mportant role in the pathophysiology of 
these inflammatory cutaneous diseases. 

To date, studies of the m vrvo effects of IFN- aopliec locally to human skin have been 
confined to its effects on diseased skin. In particular. intradermally administered IF N-y induces 
a number of immunopathological charges in lesional tissue of lepromatous lepresy®? and in 
plaques of psoriasis.'° However, snce the dermal mfiltrate of both conditions possesses many 
immunologically active cells inchucing T lymplocy'cs:and macrophages, the observed effects of 
locally administered IFN-y may result from stimulation of secondary immunological pathways. 
This study was carried out to identify the histopacnebogical and immmunopathological changes 
induced by m vive IFN-y on normal buman skin. 














METHOES 


Subjects 

Having obtained appropriate ethical approval, 13 mormal aduit male volunteers were recruited 
(age range 18-44 years). Volunteers with a persona. or family aistorw of atopy or psoriasis were 
excluded, as were penicillin-sensmive subjects, Each volumieer received a general medical 
examination, including the measurement of purse sate, blood pressu and temperature. Urine 
samples were analysed for the presence of >lood, protein anc sugar. Whole blood was screened 
for haematological and biochemica: abnormalities. Any abnormal finding resulted in exclusion 
of the volunteer from the study. 


Interferon-gamma 

The study design was based on the methedolegy ef Nathan e al 3 Lyophylized recombinant 
human interferon-gamma (rIFN-~) (specific activry = I x10 U/mg) was donated by Biogen 
Incorporated (Boston, MA, U.S.A... Each volunteer received an intradermal injection of 
rIFN-y diluted in o-1 ml sterile water :n the same arza en the lert buttock daily for 3 consecutive 
days. Nine received a daily dose o” 19 ug rIFN-y ctetal dose = 30 pg) and four received I pg 
rlFN-» daily (total dose = 3 ug). As a control, an area en the right bettock received the diluent 
only. Volunteers were questioned cai-y about the development of symptoms and the injection 
site was assessed for evidence of pein, erythema amd induratien. 


Biopsy 

Punch biopsies (6 mm) were obtained on day 5 fram both active and control sites after local 
anaesthetic (1%, lignocaine) was injected around ‘but not into) the biopsy site. Each skin 
specimen was then bisected and haf was fixed in formalin prier to embedding in paraffin, and 
the other half embedded in OCT, ¿nap frozen and stored in lquid citrogen. 





Histochemistry 

Sections (5 um) were obtained from the paraffin-em sedded sections 
The sections were subsequently dewaxed and stareed wita erher 
chloroacetate esterase. 





zd plated on to glass slides. 
haematoxylin and eosin or 








Immunohistochemistry 
Cryostat sections (5 um) were obtained from the unfixed frozen Biopsies stored in liquid 
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nitrogen. Each slide was air-dried for 10 min, fixed in acetone for 10 min and subsequently 
stained by the three step peroxidase anti-peroxidase (PAP) immunohistochemical assay, with 
diaminobenzidine as substrate.!! Primary murine monoclonal antibodies (mAb) to a range of 
cell surface determinants were employed as listed in Table 1. The second layer (‘bridging’) 
antibody consisted of rabbit anti-mouse IgG, and the third layer of a peroxidase mouse anti- 
peroxidase complex. Using this immunohistochemical technique, positive staining was 
identified as a brown reaction product. All biopsies, 13 active and 13 control, were examined 
with each antibody listed in Table 1. When quantifying T-cell subsets, positively labelled cells 
in the upper dermal infiltrate for the relevant antibodies were counted using an eyepiece 
graticule in 10 consecutive high power fields (x25 objective) of a Leitz light microscope. 
CD4:CD8 ratios were calculated for each volunteer specimen. Langerhans cells were counted 
by noting the number of epidermal CD1+ cell bodies containing nuclei in five adjacent high 
power fields ( x 40 objective) and the mean calculated. All biopsies which had received 30 ug 
IFN-y (n= 9) and their contralateral control (n = 9) were assessed in this way. The means of the 
Langerhans cell counts in the IFN-y treated and control groups were compared using a paired 
sample ‘r’ test. 


RESULTS 


Ghomcal 

Three volunteers who received 10 ug rIFN-y daily for 3 days (total dose = 30 ug) developed 
mild erythema and induration at the active site by day 3. This persisted for 48 h and had 
disappeared by day 6 leaving clinically normal skin. No systemic symptoms, in particular 
neither malaise nor myalgia, were reported by any of the volunteers. 


Histochemistry 

Histological examination of sections stained with haematoxylin and eosin from sites which had 
received a total rlIFN-y dose of 3 ug revealed essentially normal skin with a sparse dermal 
perivascular lymphohistiocytic infiltrate. Almost identical findings were observed in the control 
biopsy specimens. Examination of biopsies from sites which had received 30 ug rIFN-y showed 
that while there was no change in epidermal thickness, the nucleoli were prominent in most 
keratinocyte nuclei. There was no hydropic degeneration nor premature keratinization. 


TABLE 1. Primary murine mAb used m study 


MAb Cluster determinant Specificity Source 

L243 — HLA-DR Becton-Dickinson* 
Leu 10 — HLA-DQ Becton-Dickinson 
B7/21 — HLA-DP Becton-Dickinson 
OKT6 CDr Langerhans cells Orınot 

Leu I CD3 Pan T cell Becton-Dickinson 
Leu 24 CD8 Suppressor/cytotoxic T cell Becton-Dickinson 
Leu 3a CD4 Helper T cell Becton-Dickinson 


* Becton-Dickinson, Mountam View, CA, U.S.A. 
+ Ortho Pharmaceuticals, Raritan, NJ, U.S.A. 
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Underlying these epidermal changes there was a mederate derma! infiltrate situated predomi- 
nantly around the blood vessels and consisting mest y of lymphocytes with smaller numbers of 
histiocytes (Fig. 1). Lymphocytes were also seen throughout the dermis, but particularly along 
the dermo-epidermal basement membrane zone. Sections stained with chloroacetate esterase 
showed that mast cells were scattered throughout the infiltrate. 


Immunohistochemistry 

In control biopsies, epidermal staining for each class I MHC determinant was limited to cells of 
the acrosyringium'* and Langerhans cells, the latter also expressing OKT6 antigen (CD1). 
CDı+* cells within the dermis were infrequent-y observed. Scattered cells throughout the 
dermis, including dermal endothelial cells, expressed all three class II MHC antigens. T 
lymphocytes, both helper (CD 4°) and suppressor cytotoxic (CD8° ), were also observed within 
the dermis. 

In sections from sites receivinga total rI FN-y dese of 3 wg, kerat-nocytes expressed HLA-DR 
(n= 4). Staining was patchy and keratinocyte expression of HLA-DQ and HLA-DP was absent 
from all specimens. Dermal patterns of HLA-DR staining between the active (3 wg rIFN-7) and 
control biopsy sites were not significantly diferent. 

Intense staining for HLA-DR by keratinecytss mroughout the thickness of the epidermis 
(n= 9) was produced by 30 yg rIFN-; (Fig. 2 . Pæchy expression of HLA-DP by keratinocytes 
was also observed in four biopsy specimens (44" |, while keratinocyte expression of HLA-DQ 
was absent. Within the derma! infiltrate the maje-it of cells expressed all three class II MHC 
determinants. The density of ©D1° epidermal dendritic cells was significantly diminished 
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FIGURE 1. Fixed, paraffin-embedded section of skin frem a volurteer who had received 30 pg rIFN-y. 
There is a lymphocytic infiltrate predominantly arouse dermal b.ood vessels (H & E) ( x 80) 
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FIGURE 2. Frozen section of skin from a volunteer who had received 30 ug rIFN-y, stained for HLA-DR. 
Positive keratinocyte surface labelling is seen throughout the thickness of the epidermis, giving a typical 
‘chicken-wire’ appearance (PAP) ( x 200). 


(P<o-o01) by 30 wg rIFN-y (X=5-25+0-°68) (Figs 3a, b) compared with normal skin 
(X=17°6+ 1-4), while increased CD1 positivity was observed within the perivascular dermal 
infiltrate. Staining with Leu 1 revealed that 80%, of the infiltrate consisted of T lymphocytes 
(CD3), while the CD4:CD8 ratio was 2°6:1. 


DISCUSSION 


This study has demonstrated that IFN-y can induce many immunopathological changes within 
normal human skin. HLA-DR antigen expression was induced in keratinocytes, in vivo, by the 
action of IFN-y, which also induced both a significant dermal infiltrate rich in T lymphocytes, 
and marked alterations in the distribution of CD1* cells within human skin. 

Many in vitro studies have demonstrated that IFN-y can induce keratinocytes to express 
HLA-DR." To date, in vivo studies have only examined either diseased skin or the cutaneous 
effects of IFN-y given systemically to patients with advanced tumours.'* However, the source 
of IFN-y in inflammatory skin disease, where keratinocytes express HLA-DR, is presumed to 
be activated T cells within the dermal infiltrate.'* This implies that IFN-y administered 
intradermally in healthy skin would more accurately reflect the pathophysiological events in 
inflammatory skin diseases. The observation that the lower doses of rIFN-y (total dose = 3 ug) 
produces keratinocyte HLA-DR expression in the absence of a significant infiltrate suggests 
that IFN-y, in vivo, acts directly on keratinocytes, presumably via a surface receptor,'* and not 
via intermediate pathways. In addition, our study has shown that IFN-y induces differential 
expression of class II MHC antigens by keratinoctyes, as observed im vitro’ and similar to the 
patterns observed in inflammatory cutaneous disease.'’:'* Although the precise function of 
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FIGURE 3. Frozen sections stained with OKT antibocy. (a) Normal control skin, demonstrating 
positivity throughout the epidermis and sparse derma! mining. (9) Skin from a volunteer who received 30 
ug rIFN-y showing reduced numbers of =picermai OKT6" cells and considerable OKT6 staiming within 
the perivascular infiltate (PAP) ( « 80°. 


HLA-DR‘ keratinocytes remains unknown, functional studies suggest that they participate in a 
number of immunological events. Thus. keratinecytes may both act as targets for HLA-DR- 
restricted cytotoxic T cells!” and moculete cutamsous immunological reactions by inducing T- 
cell unresponsiveness.*° However, evidence that SLA-DR' keratinocytes can present antigen 
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to helper T lymphocytes is conflicting. Recently, Nickoloff has proposed varying scenarios for 
the immune function of IFN-y-stimulated keratinocytes in cutaneous inflammation.”? 

Intradermally administered IFN-y produced a mixed dermal infiltrate consisting mostly of 
lymphocytes but also containing histiocytes and mast cells. Such an infiltrate, mainly HLA- 
DR* and with a CD4:CD8 of 3:1, is also observed in many inflammatory dermatoses.*? This 
suggests that, in these disorders, IFN-y may play a role in the recruitment of circulating 
leucocytes into the dermis, which is further supported by the predominantly perivascular 
localization of the infiltrate. This is likely to involve adhesion antigens on the surface of 
leucocytes and their ligands on dermal endothelial cells, expression of which has been 
demonstrated, in vitro, to be modulated by several cytokines including IFN-y.?7 

IFN-y had a marked effect on the distribution of CD1* cells. The epidermis appeared to be 
depleted of Langerhans cells, while CD 1 * cells appeared within the perivascular infiltrate. Such 
a finding is also observed in allergic contact dermatitis** where it is thought that antigen-bearing 
Langerhans cells migrate from the epidermis to the dermis and, subsequently, to regional lymph 
nodes. The results of this study suggest that this process may be antigen independent, and 
modulated by cytokines within involved skin. It is also possible that Langerhans cells remain 
within the epidermis but assume a cytokine-induced altered-surface antigenic profile. 

While other inflammatory mediators are thought to be important in the pathogenesis of 
inflammatory cutaneous disease, this study has demonstrated that many of the cutaneous 
immunophenotypic changes observed in the inflammatory dermatoses can be mimicked by 
intradermal IFN-y. This suggests that IFN-y may play a central role in the pathophysiology of 
many T-lymphocyte associated cutaneous diseases. Further studies are needed on the dynamic 
aspects of changes induced by IFN-y and to determine the synergistic effect of IFN-y with other 
cytokines. 
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SUMMARY 


The breakdown of inositol phospholipids is an important transmembrane signalling system that 
is composed of two kinds of signals: the diacylglycerol-protein kinase C signal, and the inositol 
trisphosphate-Ca**+ signal. Using membrane-permeable diacylglycerol, 1-oleoyl-2-acetylgly- 
cerol (OAG), and calcium ionophore, A-23187, the effects of these chemicals on the epidermal 
adenylate cyclase system were investigated. OAG increased forskolin- and cholera toxin- 
induced cyclic AMP accumulations, but receptor adenylate cyclase responses were markedly 
decreased by treatment with OAG. The effects of OAG were inhibited by the protein kinase C 
inhibitor, H-7. Calcium ionophore, A-23187, had no effect on the epidermal adenylate cyclase 
responses. Combinations of OAG and A-23187 (as well as the calcium chelator, EGTA), 
showed that the action of OAG was mostly unaffected by the modulation of intracellular and 
extracellular Ca?* concentrations. The results suggest that among the signals triggered by the 
breakdown of inositol phospholipids, only diacylglycerol-protein kinase C signal is involved in 
the regulation of the epidermal adenylate cyclase system. 


Most cells possess two major classes of receptors for the passage of information across the 
plasma membrane.! One class increases cyclic AMP through the adenylate cyclase system, 
which consists of at least three distinct components: receptor (R), guanine nucleotide-binding 
protein (G), and the catalytic component (C).? The other accelerates the breakdown of inositol 
phospholipids (PI), leading to the generation of inositol 1,4,5-trisphosphate (IP3) and 
diacylglycerol (DAG).! IP3 mobilizes Ca?+ from intracellular stores and activates the Ca? +- 
dependent processes through calcium-binding proteins such as calmodulin.’ IP4, which is 
derived from IP3, is assumed to stimulate Ca*+ entry from the extracellular environments.‘ 
The other mediator, DAG, activates protein kinase C (PKC). 1*6 Phorbol diesters, which are 
potent tumour promoters, also bind to and activate PKC.’ The most potent is phorbol, 
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I2-myristate, 13-acetate (PMA), which is assumed to activate PKC by substituting for the 
endogenous activator, DAG.! 

Stimulatory receptors of adenylate cyclase here been well established in the epidermis.” 
These are f-adrenergic-, prostaglandin E-, adecos:ne-. and histamine (H2)-receptors. The 
physiological signal for PI breakdown in the epicermis remains unknown but recent evidence 
suggests that signal transducing systems are markedly altered in pathological conditions of the 
epidermis.®-'! The interaction between these Signa. transducing systems was studied in the 











epidermis. The adenylate cyclase system was shewn to be modulated by PMA, the effect of 
which was inhibited by the PKC inhibitor, H-7.'- Although this suggests that PMA modulates 
the epidermal adenylate cyclase system through FXE, it has deen reported that there may be a 
PMA effect which is not mediatec by PKC.'* '* Adso, the effect of Ca? *, (another major signal 
triggered by the PI breakdown) on the epidermal adenylate cyclase system remains unknown. 

As PMA directly activates PKC, the cakkium ior ophore, A-23187. can substitute for the Ca? * 
signal by opening the Ca** gate across the plasma membrane!” or, more likely, across the 
endomembrane of intracellular Ca*~ store.’® In this study, using a more physiological 
membrane-permeable DAG analog, 1-cleoy|-2-«etylglycerol (OAG) 17 and A-23187, the 
effect of these chemicals on the epidermal adenylave cyclase responses was investigated. As well 
as the adenylate cyclase-recepter agcemsts, forsko!m and cholera toxin, which work on C and G 
respectively,” were used to momitor the latter par: of the epiderma! adenylate cyclase activity. 


METHOBS 


Pure epidermal sheets 

Domestic pigs weighing 5-10 kz were anaesthetized with Nembutal (Dainippon Pharmaceuti- 
cal, Osaka, Japan) i.p. (30 mg/kg). Fizteen minutes. after anaesthesia, skin slices were taken from 
the backs of pigs using a Castreviejo keratome (Sterz Instrument Co., St Louis, MO, U.S.A.) 
set ato-3 mm. The skin slices were:cut mte 5 x 5 maa squares and floated with their keratin layers 
up, in RPMI 1640 medium with tcoo U;ml of cispase (Godo Shusei, Tokyo, Japan). After 
incubation at 37°C in an atmosphere of 5°, CO, m ær for 30 min, pure epidermal sheets were 
peeled from the dermis with sharp forceps and fleated in a fresh RPMI 1640 medium. These 
pure epidermal! sheets retained, intact, the adenylese cyclase system, which has been previously 
described.!® 


Forskolin- and cholera toxin-inauced evche AMP xccumulations 

The experimental procedure was essentially as prev:ous!y described.” Pure epidermal sheets 
were incubated with 200 uM forskelin er 100 W/m cholera toxin in RPMI 1640 medium for the 
indicated time with added antibiotics (100 Uy mil penicillin, o: mg/ml streptomycin, 0:25 ug/ml 
fungizone) as well as the various chemicals (OAG. PMA, A2z2187, etc.) to be tested. The cyclic 
AMP phosphodiesterase inhibitor, 1 mM 3-isobume l-1 -methylxanthine (IBMX), was added to 
the incubation medium throughout the incubation. [Incubatiens were performed at 37°C in an 
atmosphere of 5°, CO, in air. The epidermal seers were incubated for 1 and 3 h for the 
forskolin and cholera toxin experiments respectively, preliminary experiments having shown 
that these conditions resulted in the most marked cyclic AMP accumulations in the epidermis. 
As well as C activation, forskolin, at lower concentrations, also interacts with G and/or R of 
adenylate cyclase.'” At higher concentzations suchas those used in the present study (200 HM), 
forskolin-induced cyclic AMP accumulation is assamzed to menitor the C function of adenylate 
cyclase.”° Forskolin was dissolved :n ethanol ard the final concentration of ethanol in the 
incubation medium was 0-§",, viv., Cholera toxim is freely soluble in water and was directly 
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added to the incubation medium. OAG and PMA were dissolved in dimethylsulphoxide 
(DMSO) and the final concentration of DMSO in the incubation medium was less than 0:2% 
viv. A-23187 was dissolved in ethanol and the final concentration of ethanol was 0:2% v/v. 
Appropriate concentrations of ethanol and DMSO were added to the control incubation 
medium. Following incubation, two of the epidermal sheets were frozen between two plates of 
dry ice. 


Receptor~adenylate cyclase responses 

Pure epidermal sheets were incubated with various chemicals (OAG, PMA and A-23187) for 7h 
in RPMI 1640 medium at 37°C in 5% CO, in air and with antibiotics. Following the 7 h 
incubation, two of the epidermal sheets were incubated with $0 uM epinephrine or I mM 
histamine, respectively, in the presence of 1 mM IBMX. These concentrations were sufficient 
for maximal accumulation of cyclic AMP.’ Following 5 min incubation at 37°C with these 
receptor-adenylate cyclase agonists, the epidermal sheets were frozen in dry ice. 


Cyclic AMP assay 

The cyclic AMP content in the epidermal sheets was measured by radioimmunoassay using a 
Yamasa cyclic AMP assay kit (Yamasa Shoyu Co., Tokyo, Japan) as previously described.’ 
Protein concentration was measured according to the method of Lowry et al?! with bovine 
serum albumin as a standard. The statistical significance of the data obtained was evaluated by 
Student’s t-test. 


Chemicals 

1-Oleoyl-2-acetylglycerol, A-23187, and forskolin 7-deacetyl-7-o-hemisuccinic acid were 
obtained from Calbiochem (La Jolla, CA, U.S.A). PMA and cholera toxin were obtained from 
Sigma (St Louis, MO, U.S.A.). H-7 (1-(5-isoquinolinesulphonyl)-2-methyl piperazine 
dihydrochloride) was purchased from Seikagaku Kogyo Co. (Tokyo, Japan). All other 
chemicals were purchased from Nakarai Chemicals Ltd (Kyoto, Japan). 


RESULTS 


The addition of various concentrations of OAG to the incubation medium resulted in increased 
forskolin- and cholera toxin-induced cyclic AMP accumulations after 1~3 h of incubation (Fig. 
1a). However, receptor—-adenylate cyclase responses were significantly decreased by the OAG 
treatment (Fig 1b) after 6-7 h of incubation. Epidermis which had been pretreated with OAG 
for 7 h revealed a similar increase in forskolin- and cholera toxin-induced cyclic AMP 
accumulations. Although the effect of OAG on forskolin and cholera toxin effects were the 
opposite of those on the receptor adenylate cyclase responses, the effects were observed at a 
similar concentration range of OAG: the maximal effect was observed at 150 ug/ml. 

The addition of PKC inhibitor, H-7, to the incubation medium resulted in the inhibition of 
the OAG effects. The OAG-induced augmentation of the forskolin effect was inhibited by H-7 
(Fig. 2a). The OAG-induced augmentation of the cholera toxin effect was also inhibited by H-7 
(data not shown). Also the addition of H-7 to the incubation medium resulted in increased 
receptor—adenylate cyclase responses of the epidermis, which was not affected by the presence of 
OAG (Fig. 2b). 

i > It has been reported that PMA has similar effects on the epidermal adenylate cyclase 
-system.'* Comparison of the effects of OAG and PMA showed that the OAG effects were 
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FIGURE 1. Effects of OAG on epidermal adenylate cwclase responses. (a) Pig epidermal sheets were 
incubated with various concentrations of OAG in the preser.ce of 200 4M forskolin (O O) or 100 pg/ml 
cholera toxin (@ @) for 1 hand 3 h, respectively. IBEX (1 mm) was added to the incubation medium 
throughout the incubation. (b) Pig epiderma! sheets wer: uecubaced with various concentrations of OAG 
for 7 h. Following the incubation, epinephrine (a à, and histamine (4———a)-induced cyclic AMP 
accumulations were measured in the presence of 1 mm IBMX. 

Data are expressed as cyclic AMP pmoles mg proteiz: Tae basal levels of cyclic AMP were all around 
1 pmole/mg protein. All n= 4 from a typical experimenwal series. Bars, SE. * = P< 0-05 compared with 
control; ** = P<o-o1 compared with cøntrol. 











generally stronger than the PMA effects (Table 1°. The addition of both OAG and PMA at their 
maximally effective concentrations resulted in neithes an additive nora synergistic effect on the 
epidermal adenylate cyclase responses (Table 1). 

In contrast to OAG, Ca** ionephore, A-23187, which increases intracellular Ca?+ 
concentrations, had no effect on the epidermal adenylate cyclase responses (Fig. 3). Also 
A-23187 did not have any effect on the OAG-iadacec modulation of epidermal adenylate 
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FIGURE 2. Inhibition of the OAG effecs br H-7, Pig epicermal sheets were incubated with 100 pg/ml 
OAG, 100 uM H-7, or both compeunds. Other condRiens were the-same as in Figure 1. (a} Forskolin- 
induced cyclic AMP accumulations; (b) erinephrine-imearced cyclic AMP aceumulations. All = 4froma 
typical experimental series. Bars, SE. * = P< oos com-sared with control; ** =P <o-o1 compared with 
control. 
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TABLE 1. Effects of OAG and PMA on the epidermal adenylate cyclase 





system 
Cyclic AMP pmoles/mg protem 
Control OAG PMA Both 


(a) 
Forskolin 357424 7374£48** 539Ł44* 746463** 
Cholera toxin 490+60 804+100* §984+76 88-047: 1** 


(b) 
Epinephrine 9°54+08 36+10%* §64+06*% 261405** 
Histamine 290434 Ia7+29* 19 §t17* 10 641 0** 


(a) Pig epidermal sheets were incubated with 150 ug/ml OAG, 200 
ng/mi PMA, or both compounds in the presence of 200 uM forskolin or 
100 pg/ml cholera toxin. 1 mm IBMX was added to the incubation 
medium. 

(b) Pig epidermal sheets were mcubeted with the above-mentioned 
chemicals for 7 h Following incubation, epmephrime- and histamine- 
induced cyclic AMP accumulations were measured as described m the 
text. 

Previously it was shown that this concentration of PMA is the 
maximally effective doee.!? All x= 4 fram a typical experimental series. 
*m=P<o-0§ compared with control; ** =P<o-or compered with 
control. Data are the means + SE. 
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FIGURE 3. Effects of A-23187 on the epidermal adenylate cyclase responses. Pig epidermal sheets were 
incubated with various concentrations of A-23187 Other conditions were the same as in Figure 1. 
(a) Forskolin (O--—-O)-, and cholera toxin (@-——@®)-induced cyclic AMP accumulations; (b) epineph- 
one (A——A}, and histamine (a———a)}-induced cyclic AMP accumulations. All x= 4 from a typical 
experimental series. Bars, SE. 
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TABLE 2. Effects of A-23187 on @AG~indaced modulation of epidermal 


ademylate cyclase system 











sP pmoles/mp proteis 


Nae eean aaaeei namS mamau anaa et paart: tht AARE AE A e Maye Anama ay Lanelirneann t itririrerenanan uuaa, 


Contre! DAG -23:87 Both 
(a) 
Forskolin 3O-7 +24 SER tre 27-84-97 33O t 4:0" 
Cholera toxin 65-1443 926+ 64** FEE+5'3 14-84 9-9* 
(b) 
Epinephrine = 18-7+1-7 GREIG Leotag i1-3+0-6** 
Histamine 4043-6 269226" 43-4456 40°0 + 2:0* 


Meenen neea ne 
Concentrations of chemicals were 17 gg/ml OAG, and £ uM A-23187. 
Other experimental conditions were the same as in Table 1. &!l n= 4 from 
a typical experimenta) serien 
*=P<o-o§ compared with wont; ** = P<coy ccmmpared with 
control. Data are the means + SE. 


cyclase responses (Table 2). Chelation cf extraceilular Ca?” by EGTA slightly decreased the 
forskolin- and epinephrine-induced cyclic AMP accumulation (Fg. 4). However, the action of 
OAG was again unaffected by the EGTA; increesec forskolin (as well as cholera toxin) effects 
and decreased receptor adenylate cyclase responses were observed following treatment with 
OAG and even with a markedly decreased extracellular Ca’ + concentration (Fig. 4). 

It has been reported that by combiring EGTA and A-23187, intracellular Ca?* can be 
deleted.*? OAG appeared to have little or no effect on the receptor responses in the presence of 
both A-23187 and EGTA (Fig. 5). This mighe suggest a toxic effect of the combinations of these 


EN m" 


agents. However, an increase cf the forskolin-induced cyclic AMP accumulation was observed 
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FIGURE 4. Effects of EGTA or OAG-induced acenyiate cyclase modulation. Pig epidermal sheets were 
incubated with 150 ug/ml OAG, 3 mm EGTA, or boty compounds. Extracellular Ca** concentration is 
estimated to be § nM by 5 mM EGTA in RPMI :6402medium condition. (a) Forskolin-induced cyclic 


AMP accumulations; (b) Epimephrine-incuced cycle AMP accumulatiens. All n=4 from a typical 
experimental series. Bars, SE. 
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FIGURE §. Effects of combinations of EGTA and A-23187 on OAG-~-induced adenylate cyclase 
modulation. Pig epidermal sheets were incubated with 150 ug/ml OAG, 5 mm EGTA, 3 4M A-23187, or 
various combmations of these compounds. Other conditions were the same as in Figure 4. (a) Forskolm- 
induced cyclic AMP accumulations; (b) epinephrine-mduced cyclic AMP accumulations. All a = 4 from a 
typical experimental series. Bars, SE. 


even in the presence of A-23187 and EGTA (Fig. 5). Thus, no evidence was obtained which 
suggests that modulation of Ca?* results in a significant alteration of the epidermal adenylate 
cyclase responses. 


DISCUSSION 


The results indicate that OAG modulates the epidermal adenylate cyclase responses resulting in 
increased forskolin- and cholera toxin-induced cyclic AMP accumulation and decreased 
receptor~adenylate cyclase responses. The effects of OAG were similar to those of PMA,!? 
although the former was generally more potent than the latter, with for example, only slight 
augmentation of the effect of cholera toxin by PMA. Since the effects of OAG were inhibited by 
the PKC inhibitor, H-7, and since the addition of both OAG and PMA to the incubation 
medium resulted in neither an additive nor a synergistic effect these agents appear to work at the 
same site, i.e. PKC. 

The mechanism by which PKC modulates the epidermal adenylate cyclase responses is 
unknown. The decrease of receptor responses required a longer incubation time than the 
increase of forskolin- and cholera toxin-induced cyclic AMP accumulation and both effects were 
observed at a similar concentration range of OAG. Following the activation of PKC, the enzyme 
activity is decreased.! Our data indicate that modulation of the epidermal adenylate cyclase 
persists after 7 h incubation with OAG, probably in the presence of down-regulated PKC. Since 
the increased forskolin- and cholera toxin-induced cyclic AMP accumulation was observed 
during the first 1-3 h of incubation, it seems that the uncoupling process of R~G interaction 
(induced by PKC activation) is associated with the increased G—C and C functions of adenylate 
cyclase. We have evidence that another uncoupling process, receptor specific-refractoriness,*° 
is also associated with the increased G—C and C functions. 
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In contrast to the PKC activators, no evidence tor Ca” * -induced modulation of the epidermal 
adenylate cyclase responses was obtarned) Neither A-23187, nor EGTA (singly or in 
combination) showed a significamt mmodulatien ct the epidermal adenylate cyclase responses. 
The apparent lack of effect of OAG on the receptor responses in “he presence of A-23187 and 
EGTA might suggest a toxic effect of the combing:ion of these agents. However, the increase of 
the forskolin-induced cyclic AMP accumulation was stil: observed in the presence of A-23187 
and EGTA. Although no direct measurement of intracelluler Ca** concentration was 
performed in the present study, the conditions used were similar te those reported to modify the 
intracellular Ca?* in keratinocytes in vitro.” t7. Topical applicatien of A-23187 on mouse skin 
in vivo was reported to decrease the epiGermal #-adrenergic adenylate cyclase response.*’ No 
explanation can be put forward for the discrepeacy in the results from in vive and in vitro 
conditions, but other systemic factors induced by the application cf A-23187 might be involved 
in VIVO. 

It has been suggested that PI breakdown, which is the primary event of DAG and IP3 release, 
is related to keratinocyte proliferation? and differentiation.” The results indicate that of the 
two signalling systems triggered by the PI breakdown, only the D AG-PKC signalling system 
modulates the epidermal adenylate cyclase system. 

PI breakdown is known to be modulaied as a resuit of pathological conditions of 
keratinocytes. Psoriatic hyperproliferative epidermis, for example, shows increased PLC 
activity as well as an increased DAG contenz.''”” It is interestiag to note that the psoriatic 
epidermis reveals very similar adenylate cyclase responses to that induced by OAG. These 
include increased forskolin- and cholera toxim-imarced cyclic AMP accumulations’ as well as 
the decreased f-adrenergic adenylate cyclase response, which is tae major receptor—adenylate 
cyclase system of the human epidermis.” Also, im accordance with the down-regulated state of 
PKC following its activation, decreased PKC acevity has been found in psoriatic epidermis. +’ 
Thus, the altered adenylate cyclase responses observed in the epidermis in psoriasis may be due 
to the activation of PKC which is triggered by P? breakdown. Tae IP3-IP4-Ca’* signalling 











irrelevant to the modulation of the epidermal adenylate cyclase responses. 
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SUMMARY 


To study the development of the psoriatic lesion, biopsies were taken from the margin of 
spreading plaques and acute pinpoint papules. Consecutive sections across the margin were 
stained using different monoclonal antibodies to characterize epidermal growth (Ki-67) and 
abnormal keratinization (K,.8.12, RK SE6o0). All three immunohistochemical markers showed 
pronounced changes in the lesional skin with a clear transition to the uninvolved skin. The 
suprabasal K,8.12 binding was the earliest change found in the epidermis, and its localization 
high in the suprabasal compartment indicates that metabolic dysregulation in this cell 
population was not a consequence of the recruitment process in the basal layer. 


Epidermal hyperproliferation, abnormal keratinization and inflammation are well-established 
features of the psoriatic lesion. There is growing evidence that hyperproliferation of the 
epidermis in psoriasis is due to entry of quiescent (G,) cells into the cell cycle. +7 The majority of 
cycling cells can be identified by nuclear binding of the monoclonal antibody Ki-67,° and an 
increase in Ki-67* nuclei has been shown in the psoriatic lesion.* The suprabasal cell layers also 
express markers linked to increased epidermal growth, such as keratin 16, which is 
demonstrated by the monoclonal antibody K,8.12.°°° Although this antibody also recognizes 
keratin 13, psoriatic epidermis does not express this keratin.® In psoriasis, the clinically involved 
skin shows a marked staining of K,8.12, compared with uninvolved skin. The abnormal 
keratinization in psoriasis is characterized by the presence of nucleated corneocytes and an 
absence of a granular layer. Keratin 10, which is involved in the norma! keratinization process 
and can be visualized by the monoclonal antibody RKSE6o,’ is decreased in psoriasis.°-? This 
study investigated the position of these immunohistochemical markers for hyperproliferation 
(Ki-67) and keratinization (K,8.12, RK SE6o0) during the evolution of the psoriatic lesion. 
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METHODS 

Patients and biopsy procedures 
Ten patients (5 male, 5 female: aged 35-66 years? wi th chronic plaque psoriasis participated in 
this study. All patients were in en unstable. phase of their ai ‘se, with a short history of new and 
extending lesions. None of the patients received treatment forat least 2 weeks prior to the study. 

In five patients a biopsy was taken with a keratewome across the transition zone of a spreading 
psoriatic plaque containing beth un:owolved and -nwolved skin. After cooling the skin surface 
with an ethyl chloride spray, a 
o-4mm). In five patients a razor blade biopsy (diameter 4 mmrthickness o5 mm) was taken from 
an acute pinpoint papule. Care was taken to ensure that the biopsy contained the whole papule 
with an annular zone of uninvolved skin. 

















slice of 3 x 16 mm was cut using a Castroviejo keratotome (depth 
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Immunohistochemical staining procedure 

All biopsies were washed in phosphate-buffered saline (PBS) and frozen immediately at — 20 C 
in Tissue Tek II OCT compound (Miles Scientific, Maperville, U.S.A.). Three series of four 
consecutive sections of 6 4m were cut per biopsy. In each series, one section was fixed in 70°, 
ethanol for 1 min and stained with Hemacolor (Merck, Darmstadt, F.R.G.). The remaining 
three sections were fixed in acetone-ether (60/40 v/v) for 10 min and incubated with one of the 
following monoclonal antibodies: (1) K.8.12 (Sigma, St Louis, MO, U.S.A.) diluted 1:40 in 
PBS, (2) RKSE60 (a gift from Dr F.C.S.Ramaekers) diluted 1 : 10 in PBS, (3) Ki-67 (Dakopatts, 
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FIGURE 2. Histology of a pinpoint papule after staining with (a) Ki-67, (b) K.8.12, and (c) RKSE6o 
x 100). 
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Copenhagen, Denmark) diluted 1:20 in PBS. The bound antibodies were visualized with a 
standard immunoperoxidase technique as previously described.*°'!! After two washes with 
demineralized water, sections incubated with K,8.12 or RKSE6o0 were counterstained with 
haematoxylin (Mayer). All sections were mounted in glycerine gelatine and studied with a Leitz 
12 light microscope. 


RESULTS 


The classical histological features of psoriasis appeared in a consistent sequence in the marginal 
zone of the spreading plaques (Fig. 1a). The predominantly mononuclear infiltrate was the 
most peripheral feature in four out of five biopsies. The development of acanthosis reached an 
intermediate position, and parakeratosis had appeared after marked acanthosis had been 
reached in all biopsies. The topographic relationship between these histological features in 
pinpoint lesions is shown in Figure rb. It can be seen that in all pinpoint lesions the infiltrate 
preceded the full acanthosis. However, initial acanthosis was more widespread than the 
infiltrate in six out of 10 of the pinpoint papules. Again, the parakeratosis was less widespread 
than the other histological features. 

The Ki-67 staining in the margin zone of plaques and pinpoint papules showed a consistent 
well-defined change from cytoplasmic and sporadic nuclear staining in the uninvolved skin to 
exclusively nuclear staining in the lesional skin (Figs 2a and 3a). The number of Ki-67* nuclei 
was markedly increased in the lesion. In four out of five biopsies of the margin zone of the 
plaques and in eight biopsies of the pinpoint papules, the transition point of Ki-67 was localized 
peripherally to full acanthosis but centrally_to initial acanthosis (Fig. 1). 

Suprabasal binding of K,8.12 was observed only in the psoriatic lesion and changed gradually 
to patchy staining of the basal layers in normal looking skin (Fig. 2b). At the periphery of the 
suprabasal staining, there was no continuation between staining in the higher zones of the 
suprabasal compartment and the patchy basal staining (Fig. 3b). Comparison of K,8.12 binding 
with acanthosis is shown in Figure 1. Full suprabasal binding of K,8.12 occurred between initial 
and full acanthosis in all biopsies except in one case where it preceded the initial acanthosis. In 
three out of five biopsies of the margin zone of the plaque and in three biopsies of the pinpoint 
papules, both the initial and fully expressed K,8.12 binding coincided with the Ki-67 transition 
point. The remaining biopsies showed binding of K,8.12 occurring peripherally to the Ki-67 
transition point, with a marked separation between the initial and fully developed K,8.12 
binding (Fig. 1). 

Comparing binding of RKSE6o and K,8.12, a reversed staining pattern was seen with a 
minima! overlap between both staining patterns. RK SE6o binding was absent in the supra- 
papillary epidermis of the lesions, but the deeper regions of the rete ridges showed a normal 
RKSE6o0 binding with a gradually diminishing intensity towards the stratum corneum (Fig. 2c). 
This staining pattern was found only in the centre of the lesion. 


DISCUSSION 


The margins of spreading plaques and early lesions such as pinpoint papules of psoriasis allow 
the study of different phases of development from perilesional to lesional skin. In this model, the 
more peripheral changes are likely to play an early role in the pathogenesis. This study showed 
that the inflammatory infiltrate usually preceded the appearance of overt acanthosis, although in 
some cases these coincided. This observation agrees with several previous studies of pinpoint 
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lesions'* and the marginal zone of spreading plagues. ? One study” reported that morphologi- 
cal changes in the epidermis preceded the dermal changes. but details as to the nature and 
activity of the lesions were not reperted. 

In the margin zone of the lesions, tse monoclor ai antibody Ki-67 showed a sharp transition 
point between ‘uninvolved’ and ‘in=oleec’ psoriatic skin from a non-specific cytoplasmic 
Staining to a pronounced nuclear steiniag representing cycling cells. If psoriatic hyperpro- 
liferation is due to recruitment of resting basal cells, the change in staining pattern of Ki-67 
might be expected before the development of acauthosis. However, the Ki-67 transition point 
was found between initial and full acarthosis, “hich may be explained by a latency phase 
between the actual recruitment anc the expressien of the ruclear antigen for Ki-67. Such a 
timelag has been demonstrated fer lymphocytes.“ 

The relationship between epidermal kyperpre!.feration and abnormal keratinization is still 
unresolved. An earlier biochemical sudy showec that enzyme markers for proliferation and 
keratinization changed simultancously in the margin zone of the spreading lesion.'* In this 
study, keratin 16 expression appeared as an early event in the margin of lesions before full 
acanthosis and even (in some lesions) >efore or come:ding with the mnitial acanthosis. This is in 
line with the early expression of keratin 16 fe lowing standardized injury.’ The isolated 
localization of the initial keratin 15 expression hig ir. the suprabasal compartment implies that 
these biochemical changes are mot g consequence of metabolic events associated with the 
recruitment of G,-ceils in the basal cell layer. We suggest that the changes in the suprabasal 
compartment are a link between the induction of rezeneratiomand tre recruitment process in the 
basal layer. Alternatively, both processes might be the consequence of a signal which is 
transduced to the basal and suprabasal compartrren: at different umes, 

The reverse staining pattern of RESE60 compared te K.8.12 :ndicates the possibility of a 
down regulation of keratin 10 caused ty tae induction of keratin 16 expression. Such an inverse 
relationship between keratin 10 and kzratin 16 has also been shown in other skin diseases® and 
regenerative epidermis.°:'® However. this study demonstrates an mterphase of simultaneous 
expression of both keratins 1c and 35, suggesticg that both normal and hyperproliferative 
maturation pathways can exist together. Alternasively, the rate cf disappearance of epitopes 
recognized by RKSE6o might be of relevance im “his respect. 

As the infiltrate was seen in the mest peripheral zones of the spreading plaques and pinpoint 
papules, analysis of these cells using immunohistochemical markers might further our 
understanding of the pathogenesis əf psoriasis. Of all the tmmunohistochemical parameters 
investigated in this study, the bincing of F.§.12 in the suprabasal compartment represented the 
earliest event in the developmen: of epidermal changes. 
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SUMMARY 


Epidermal cells from psoriatic lesions demonstrate a very low cAMP response to beta- 
adrenergic stimuli. We have shown that a similar abnormality occurs in dermal fibroblasts from 
affected areas of skin. The cells, after 5-12 passages in tissue culture, had a much reduced 
response to 10-8 M and 107° M isoproterenol! when compared with fibroblasts from control 
subjects. The abnormality was not abolished by the addition of the phosphodiesterase inhibitor, 
3~-isobutyl-1-methylxanthine. Other putative agonists tested were vasoactive intestinal peptide 
and peptide histidine methionine. Neither of these had an effect on dermal fibroblasts from 
either normal controls or from lesions of psoriasis. 


Psoriasis is. characterized by epidermal hyperproliferation and reduced epidermal cell 
differentiation. Recent studies have shown that the earliest histological changes occur within the 
dermis and include dilatation of capillaries! and accumulation of leucocytes.* Furthermore, the 
grafting of psoriatic skin into athymic mice? and Kébner experiments have demonstrated an 
interaction between the dermis and epidermis during the development of the lesions in 
psoriasis.* It is believed that the changes in the dermis are essential for the subsequent 
development of the epidermal lesions.’ 

A number of biochemical abnormalities have been found in the dermis of affected psoriatic 
skin which include an increased amount of glycosaminoglycans associated with the fibroblasts.° 
When studied t vitro, fibroblasts from affected psoriatic skin exhibit an increased rate of 
proliferation compared to those from control tissue and in this respect resemble the epidermal] 
cells.’ i 

Cyclic AMP (cAMP) has been implicated as a modulator of cellular growth and differentia- 
tion in a variety of cell types.5-1° In psoriasis, an increased rate of proliferation has been 
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associated with a specific reduction in beta-adrenergic responsiveness in epidermal cells.!!:!? 
This study investigated whether the same abrermality occurred in dermal fibroblasts in 
psoriasis. We also investigated whether vasoactive intestinal peptide (VIP) and peptide 


histidine methionine (PHM), beth found in unemvelinated nerve fibres in human skin,'>-'5 
could modulate cAMP levels in the dermal fibro‘clasts. 


METHODS 
Control subjects 
Redundant abdominal skin was obtainzc from patients (three female and one male, age range 
48-69 years) undergoing elective surgery. None: the patients had any history of skin disease. 


Psoriatic patients 

Punch biopsies of lesional skin were obtained om two female and two male patients with 
psoriasis (age range 35-44 years), under local anaesthesia. All had extensive psoriasis and were 
treated with topical emollients alene. 


Establishment of primary cell cultures 

Fibroblast cell lines were established by the primary explant technique. The cultures were 
maintained in tissue culture flasks (Becton Dickenson Co, Oxnard, California, U.S.A.) with 
RPMI 1640 medium (Gibco, Paisley, Scotland) centaining 10%, fetal calf serum and 100 U/ml 
penicillin and 100 ug/ml streptomycin. The flasks were exposed to an atmosphere of 95°; air and 
53 CO, in an incubator at 37 C. The culture medeam was replaced twice weekly and fibroblasts 
harvested by trypsinization when a confluent rsonmolayer had been achieved. Seeding was 
performed on to a growth surface no greater than three times that of the confluent monolayer of 
cells. Cells were seeded into 35 mm ciameter Petri dishes (Becton Dickenson Co, Oxnard, 
California, U.S.A.). Cells were caly used after reacting confluence between passage 5 and 12 
and at least 7 days from the last trypsinization. 


Incubation of fibroblasts 

Solutions containing isoproterenol, VIP, PHM and the phesphodiesterase inhibitor 3 isobutyl- 
1-methylxanthine (IBMX) were prepared at roo-*eld final concentrations in RPMI containing 
o-1°,, albumin and kept at 4°C prior te use. Befcre mcubation fitroblasts were washed twice 
with fresh RPMI. Then 1-5 ml fresh RPMI conteming o 1%, albumin was added and the cells 
left to equilibrate for 15 min at 37°C. At this point, 15 ul of agonist and either 15 u of IBMX or 
1§ ul of RPMI containing or^, albumin were added to the Petri dishes and left for 5 min at 
37 C. For basal conditions 30 a] RPMI @ 1°, albarnin were added. Incubations were usually 
performed in triplicate (occasionally duplicate er cuadruplicate’ and were stopped by the 
addition of 1-5 ml 20°, (w/v) ice-colc tr:chlorcace: c ecid. The Petri dishes were then placed on 
ice for 15 min. The cellular protein was dislodged “sor the Petri using a rubber policeman. The 
whole Petri contents were centrifuged at 15co g for 15 min and 1 ml supernatant saved for 
cAMP estimation. The pellet was kept for protets measurement. 














cAMP extractions and estimation: 

Trichloroacetic acid was extracted from the supernatant solution using 4 x 5 ml volumes of 
water-saturated diethyl ether. The agueous phase was dried in a stream of air and cAMP 
measured by means of radioimmunoassay (Amersham International ple, Amersham, Bucks, 
U.K.) 
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Protein estimations 
Proteins from the cell pellets were solubilized using 0-5 ml of 1 M NaOH and the protein assayed 
by the method of Bradford,'® using a Biorad protein assay kit (BioRad Labs GmbH, Munchen, 
West Germany). 


VIP and PHM radtovnmunoassay 

In these experiments, both VIP and PHM were added at 10~° M concentrations. However, since 
both VIP and PHM are known to adhere to glass and plastic, the concentrations remaining in 
solution under the identical conditions used in the experiments were measured using 
radioimmunoassays previously described. *™!8 Under these conditions 70-90% of the calcu- 
lated amount of peptide was present at the end of the experiment. 


Statistics 
The results were calculated as pmol cAMP/mg protein and expressed as means + standard 
error. Statistical analysis was performed using the unpaired Student’s t-test. 


RESULTS 


The cyclic AMP levels measured following incubation of the fibroblasts with putative agonists 
are shown in Table 1. The basal cyclic AMP levels were significantly lower in the psoriatic than 
in the control fibroblasts, both in the absence (P<o-oo1) and in the presence of IBMX 
(P < 0-05). Stimulation by 10~° M isoproterenol was significantly less in the psoriatic fibroblasts 
than in the controls. Stimulation by 107° M isoproterenol both in the absence and presence of 


TABLE 1. cAMP levels in cultured dermal fibroblasts 
from normal and psoriatic lesional skin 


cAMP (pmol/mg protein) 
IBMA SSeS 
Agonist (10~*Mm) Control Psoriasis 
— — 7IŁO6 45+02** 
— + 7ato8 48+0 4* 
ISO 107' mM — g842Ł12 74140 8** 
ISO 107° m — 200 0377 41045 7** 
ISO 107f m + 2670£446 47-147 8** 
VIP 107° m - 65409 37413 
VIP 107° mM + $8t02 65410 
PHM 107° — s306 43408 
PHM 107° m4 + 72+08 68+1°6 
$ 
His ee vs. control fibroblasts. 
< 0-001 


Dermal fibroblasts were grown to confluence in Petri 
dishes The results were obtained from three to four 
independent expermments for each stimulant and the 
number of replicate dishes for ewch condition per 
experiment was usually three (range two to four). 


480 D.F.Eedy et al. 


IBMX was significantly less in tae psorzatic fibro blasts than in the controls (P<o-oo1), the 

addition of IBMX 10°* mM having little effect on cAMP levels in psoriatic fibroblasts. 
Incubations with 10° ° M VIF amd 10° ° m PHM. beth in the absence and presence of IBMX, 

failed to increase cAMP levels significantly in eiteer the control or psoriatic fibroblasts. 





‘These results clearly demonstrate tha: in psoriase the response of dermal fibroblasts derived 
from lesional skin to beta-adrenergic stimulation by isoprceterenol is much reduced compared to 
fibroblasts derived from norma: control skin. 

‘The basal cAMP levels measured in aormal fibre clasts which had reached confluency, were of 
the same order of magnitude as thaz found in other studies.'°*’ Stimulation of normal fibroblast 
cultures with 10°° M isoproterenol procucec a =8-fold increase in the cAMP accumulation, 
with a further increase to 34-fold with the add:ties: of the phosphodiesterase inhibitor, IBMX. 
Stimulation with 10° * Misoprotersncl gave a 19-f d mcrease-over the basal levels. It was found 
that the basal cAMP levels in psoriatic Gbroblasts were significantly less than those for controls. 
The increase in cAMP in psoriatic fib-oblasts witt ro ° M and 10° ° M isoproterenol was 1:6- 
and ninefold, respectively. Both ia the absence of isoproterenol and in the presence of 10° ° M 
isoproterenol, the addition of the phosphodiesterays inhibitor, IBM, had little effect on cAMP 
levels in psoriatic fibroblasts. Thes indicates thar the lower cAMP levels found in psoriatic 
compared with control fibroblasts were unlikely to be caused by increased phosphodiesterase 
activity in the former. Since all our experiments were carried eut following 5 min cf stimulation 
with agonist, we cannot rule out that psoriatic fibre lasts achieved maximal levels at a later time 
than did controls, but we think this unlikelv. Anotserreason for the differences in cAMP levels 
between normal and psoriatic fibreblasts coulc be thar the increased macromolecule secretion? 
or the poorer cell adhesive properties of psoriame nbreblasts (to plastic)’ may alter cyclic 
nucleotide metabolism. Our present experiments do aot allow us to evaluate this possibility. 

Our results suggest that dermal fibroblasts may nave the same abrormality of beta-adrenergic 
transmission as that described for epidermal cells in psoriasis. 10574122 Work on the 
unstimulated cAMP content of irvo.ved psoriatic epidermis is conflicting, being reported as 
lower,?™?4 higher** or the same**~*" as normal controls. These discrepancies may be due to 
differences in the age of the clinical les.ons sampled. the tissue sampling techniques used, and the 
ischaemic time of the keratotomed 2p:dermis.°* Aer agi etel ` foundthat the cAMP levels were 
reduced in the basal proliferative compartment of the epidermis, while the total epidermis had 
higher levels of cAMP overall. Interpretation ts made more dificul: by the finding of increased 
activity of cAMP-dependent pho: phodiesterases m the lower half of the epidermis.** These 
findings are also supported by the cEnical observation cha: drugs such as lithium??-** and 
propranolol,’* which are known to irkibir cAMP oreduction, cause exacerbation of psoriasis, 
while topically applied isoproterenc! results in cincal improvernent.*° Deficiencies of the 
cAMP-dependent protein kinases have beer reported in both the plasma membranes of 
circulating erythrocytes of patient: with psoriasis and in psoriatic fbroblasts.27’ This effect can 
be reversed by incubating with etretinate, a drug used in the treatment of psoriasis. > Our 
results show that dermal fibrob.asts from psersmatic tissue have an abnormality of beta- 


defect in cAMP-dependent protein kimases already reported.’ Furthermore, since the results 
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are from cultured fibroblasts which have undergone five or more passages in cell culture, the 
abnormality cannot be due to circulating factors. 

Rosengurt’? suggested from his work on quiescent serum-starved 3T3 fibroblasts that 
regulatory peptides and other polypeptide growth factors may be important extracellular signals 
initiating intracellular secondary messenger control over DNA synthesis and regulation of cell 
proliferation, growth and differentiation. It has been speculated that the release of neuropep- 
tides from unmyelinated nerve endings in the skin may play a role in the pathogenesis of 
psoriasis.*° The exacerbation of psorjasis by stress and the symmetry of lesions of psoriasis 
suggest that a neurogenic agent such as neuropeptides may be implicated. In this study, the 
effect of neuropeptides VIP and PHM on cAMP generation in cultured fibroblasts from normal 
and psoriatic individuals was investigated. These neuropeptides did not stimulate cAMP 
generation in cultured human fibroblasts either in the presence or absence of a phosphodiester- 
ase inhibitor. VIP stimulates adenylate cyclase activity in a wide variety of tissues, including fat 
and liver cell membranes,*':** pancreatic acini,**"** and intestinal mucosa** and in the skin 
stimulates eccrine sweat glands.*° Since they did not generate any cAMP in dermal fibroblasts ıt 
seems unlikely that either VIP or PHM act on the human fibroblast, at least by this mechanisms. 
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$ SUMMARY 


The hypothesis that atopic eczema is associated with a non-specific decrease in the serum 
concentration of trace metals was examined by measurement of the levels of zinc, copper and 
iron in 134 children with atopic eczema and 112 controls. The results failed to confirm the 
hypothesis. There was no significant difference between patients and controls for the 
concentrations of serum zinc, iron, iron-binding capacity and albumin. Patients with eczema 
had a significantly higher copper concentration (median 21-0 “zmol/]) than controls (median 17-0 
mol/l), and a significantly lower concentration of ferritin (median 11-9 ng/ml for patients and 
16:5 ng/ml for controls). There was a highly significant correlation between the surface area of 
skin affected by eczema and the concentrations of albumin and orosomucoid. 


We previously reported a significantly reduced serum zinc concentration in 65 children with 
atopic eczema.’ There was no correlation between the serum zinc concentration and either the 
height/weight centile or a subjective assessment of the severity and extent of the eczema. We 
suggested that the decreased serum zinc concentration was a non-specific consequence of the 
dermatological disorder, analogous to a low serum iron concentration as found in various 
dermatoses.” To test this hypothesis we studied a further sample of patients, and extended the 
study to two other trace metals, copper and iron. 


METHODS i 


One-hundred and thirty-four children with atopic eczema were studied. The patients were not 
on systemic corticosteroids. The surface area affected by eczema was assessed, and the severity 
of the erythema was scored by TJD as mild (1), moderate (2) or severe (3). A combined score, 
where the surface area was multiplied by the severity score, was calculated. Venepuncture was 
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carried out between 11-00 and 12-00 hours because of the effects of diurnal variation of the 
serum zinc, copper and iron concentrations. “~* For cepper and zincthe blood was collected into 
plain plastic tubes and the serum seperated before measurement by conventional atomic 





absorption spectrophotometry~ (Pye SP 192). Serum iron was measured by direct aspiration of 
75 ul aliquots of undiluted serum to the flame of an atomic absorption spectrophotometer 
equipped with a peak-height mregrator® (Pye SP 199). Por measurement of iron-binding 





magnesium carbonate.” The concentration of tron in the treated serum was measured as 
described above, with care being taken to avoid haemolysis. Orosamucoid (x-I-acid glycopro- 
tein) was measured by electroinumunoassay,’ ard <lbumin was measured by è dye-binding 
procedure employing bromocresol purple. !” Fer-tin was measured by an ELISA test.'' The 
112 controls were children who were having blowd taken fer blocd grouping prior to elective 
surgery. 








RESUL ES 


The patients with atopic eczema hac significarc:ly higher serum copper and orosomucoid 
concentrations, and significantly -ower serum ferstin concentrations, than the controls (Table 
1). The serum concentrations of inc, irom, aiburrin, and iren-bimding capacity did not differ 
significantly between the two groups. There was a s.gnificant correlation between the surface 
area affected by eczema and the serum concentretiens of orosonaucoid and albumin, but no 
significant correlation with the concentrations of zinc, copper, iron, iron bindrng or ferritin 
(Table 2). 

The patients as a group were siznificantiy younger than the controls, Examining the effect of 
age, using Spearman’s correlation coefficient, it was found thet the serum concentrations of zinc 
and copper correlated with age in doth groups, zinc rising anc copper falling with increasing age 
(Table 3). The serum iron concentration rose significantly with macreasing age im the patient 
group, and the ferritin concentration fell sign#ficast!y with age in tre control group. In order to 
confirm that any statistically significant cifferences between patients and controls were not the 
result of different age distributiens, the regresseonm lines of serum concentration of copper, 
ferritin, iron and zinc against age were calculated separately for patients and controls. The 


TABLE 1. Suremacy of results, cerpswoemng patiersts and #ontro!s 


Median Ge. 





Variable Contrels Parents E-value * P 

Age (years) g-78 (£12) 47425134) 4150 < O'OOO1** 
Zinc (umol/l) LIR (122) 12-4 £133) 6867 0°29 
Copper Gemol/}) TTO (112) T: 0{130} 3854 <o-0001** 
Tron (umol/l) 132 (190) 12 (428) 6177 o-O82 
lron-binding 39° (18) o (928) 6395 O18 
capacity (umol/1) 

Orosomucoid (mg/l! 720 (LIES Bre 2127) 5035 o-0001** 
Albumin (g/l) 3-8 (191) 382 (426) 6934 O'QI 


Ferritin (ng/ml) 16% (130) LP (904) 3681 0-:0003** 


* Mann-Whimey D -rest 
** Sgenmicant rest., £ <0-@S. 
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TABLE 2. Effect of surface area and severity of eczema 


Surface area, Combined score* 
a Spearman Spearman 
correlation correlation 
Variable "n coefficient P coeficaent P 
Age 134 — 0O I7 205 -0 13 Ols 
Zmc 133 -O 06 © 50 —0 03 O70 , 
Copper 130 0 06 © §2 oog 0 36 
Tron 128 O17 0 06 —o17 o 06 
Iron binding 128 — 0 O5 0 60 —0 06 O 50 
Ferritin 104 —O I2 0 11 —0 I3 0 20 
Orosomucoid 127 029 o oo1** 0 29 O oor1** 
Album 126 ~ 0 33 © oo1** —0 36 o oo1** 


* Surface area multiplied by severity of erythema score (see text) 
** Significant correlanon, P <o 05. 


slopes of the regression lines were not significantly different for any of these substances. The 
standard error of the vertical difference between the two lines was calculated, to see whether it 
was significantly different from zero by comparing z=(d—o)/SE(d) with a standard normal 
distribution, using a two-sided test, where z= standard normal deviate, d= vertical difference 
between the lines assuming a common slope and SE (d) = standard error of the vertical 
difference between the two lines. For the serum tron concentration, the slopes of the regression 
lines against age were significantly different for patients and controls. Taking this into account, 
the vertical distance between the two lines at the time point corresponding to the mean age of the 
patients was compared to see if ıt was significantly different from zero. The results (Table 4), 
showed that for the serum copper and ferritin there are differences between the levels for 


TABLE 3. Effect of age 


Controls (1) Patents (n) 

Spearman Spearman 

correlation correlation 
Variable coefficient F coefficient P 
Surface area maem — o 17 (134) O05 
Combined score* aoa — O13 (134) O15 
Zinc © 26 (112) O 006** © 37 (133) O oo1** 
Copper -O 26 (112) 0 CO6** = —0 25 (130) o 006** 
Iron O I5 (111) 013 o 23 (128) Go O1*™ 
Iron binding O 12 (111) 022 —0 02 (128) o 82 
Orosamucold -O 06 (IIT) O $4 — o 08 (127) o 36 
Albumin O ra (111) O 22 O I4 (126) org 
Ferritin ~ O 20 (100) o 04** — oO 15 (104) O12 


` 
y 


* Surface area multiplied by severity of erythema score (see text). 
** Significant, P< 0 04. 
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TABLE 4. Comparson berween 

patieats amd controis, taking into 

awcoun. the rekatiomship of serum 

cemcencration against age (see test 
for detağ-) 


Substance z P 


Zane SO > Oa 
Coppe: -4 34 < O DCAF 
porrua 475 < O-O00CT 
lpon £29 > Od 


A negative sign fer o indicates thet 
patients kad kigher values than 
COntros. 


patients and controls, and these are not due to d ferences on the age distribution of the two 
groups. For the serum zinc and iron the differences between the patients and controls were not 
significant, and this was not due to the differences im age of the tw groups. 


DISCUSS FOR 


The concentration of serum zinc (med an 1r sunil in patients with atopic eczema was almost 
identical to the figure obtained in our previous study “median 11-3 mol/1).* The concentration 
of serum zinc in the control group ‘mediam 11-35 ym) 4d) wes lower then in the control group used 
in the previous study (median 12-4 amol D, and this exp ars the lack of difference between 
patients and controls found in this study. In both series the controls tended to be elder than the 
patients, but the differences bezw2en the control groups is umexplamed. Our latest findings are 
consistent with the recent reports o7 normal levels of zinc in tke blood of 21 eczematous 
children'* and 24 eczematous adults. ” 

The serum copper concentration was significantiy higher in chidren with eczema. This i$ 
consistent with the finding of aa elevated level of serum copper and caeruloplasmin in 24 
eczematous adults'* but is at variance with the normal level of serum copper found in 21 
eczematous children.'* Over 99°, of copper in scrum is bound to caeruloplasmin,'* an acute 
phase reactive protein, and it has been suggested tet the increased concentrations of copper and 
caeruloplasmin are attributable te the inflammation associated with the skin disease.'* This is 
supported by our finding of a significant y elevated level of arosomucoid, another acute phase 
reactant, ^ but not by the lack of corre lation between serum copper and disease severity, found 
in this and a previous study.'* 

There was no significant difference in scrum iron concentraron between patients and 
controls, although the serum ferritin was sign:ficartly lower in the patients, possibly suggesting 
a depletion of body iron stores. This could be due t a poor dietary imtake of iron, malabsorption 
associated with atopic eczema,'”° or iron loss in exfouiated skin cells.? 

The hypothesis that atopic eczema is associated with a non-specific decrease in the serum 
concentration of trace metals such as zinc, coprer or iron is not supported by this study. A 
coincidental finding was a highly «igniticant cerre ation between the surface area of skin affected 
by eczema and the concentrations of albumin ans orosomuecoid. 
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SUMMARY 


Patch-test responses to serially diluted nickel sulphate and potassium dichromate solutions in 
patients with nickel and chrome sensitivity were assessed by pulsed A-scan ultrasound to 
determine skin thickness and laser-Doppler flowmeter techniques to evaluate blood flow, as well 
as Clinical scoring. There was a relationship between the dose of antigen and the test responses as 
measured by ultrasound and laser-Doppler flowmeter techniques in both nickel and chrome 
sensitive patients. Our data suggest that both techniques may be useful in the detection of 
allergic contact dermatitis in which there is a doubtful patch-test reaction as well as in 
experimental sensitization studies. 


Since the proposals of the International Contact Dermatitis Research Group in 1970,! a clinical 
rating scale for the evaluation of patch-test reactions is now generally accepted. However, the 
reading of patch-test reactions is still subjective, depending on the observer’s eye and skill.” 

Recently, several objective methods of evaluating patch-test and irritant reactions have been 
developed, including laser-Doppler flowmetry,*~ ultrasound,’ skin evaporimetry,*"!! skin 
calipers,'* transcutaneous PO, measurement,'? contact thermography‘* and skin-reflectance 
measurement.’* Most have focused on the standard, clinically used patch-test concentrations 
when testing instrumental methods to replace clinical grading. Some authors*"’ have suggested 
that differentiation between weak and strong reactions could be achieved by laser-Doppler and 
ultrasound methods, but they could not differentiate between negative and doubtful reactions. 
Other authors® stated that there was too much overlap between different grades of positive 
reaction to be of value in routine clinical use. 

Serial dilution of the antigens, particularly below the standard patch-test concentration, and 
measurement of responses by objective instruments can give us more information about dose- 
response. To investigate whether there is any correlation between antigen dose and reaction 
produced to a patch test, we applied serially diluted antigens and measured their responses by 
laser-Doppler flowmetry and by ultrasound as well as clinical scoring. We also wanted to find 
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out whether these objective methods correlated with each other and whether they could be 


useful for the determination of the erd point of patch-test reactions. 





METHODIK 


Nickel and potassium dichromate were chosen as anugens because both can be diluted easily in 
solution and it was relatively easy to recruit patients who were sensitized to these antigens. 


i 


Subjects 

Twenty nickel sensitive and nine chrome senstve patients, who had attended the contact 
dermatitis clinic were included ir this stadv, all having given their informed consent. By the 
International Contact Dermatitis grading scale’ “he nickel sensitive patients consisted of four 
+reactors, I2 + +reactors anc four + + + reactors, and the chrome sensitive patients 
consisted of two + reactors, four + + reactors awi three + + + reactors when they were tested 
in our study with the highest dilations of the arregens (474 nicke! sulphate in distilled water, 
0:5% potassium dichromate in distilled water). 






Antigens 

Nickel sulphate and potassium dichromate were serially diluted below the standard patch-test 
concentrations. Nickel sulphate = H-O GAnaar*. SDH Chemicals, Poole, Dorset, U.K.) was 
adjusted to 5% (weight/volume) m distilied water and serially diluted by halves, i.e. 5 x G)!%, 
5 x (F), 5 x EP 5 x Eas E x Gn 5 x E's 5> G) 2o. Potassium dichromate (BDH 
Chemicals) was adjusted to 0-5, (weight/velurse in distilled water and serially diluted by 
halves, i.e. 0:5 x Coa QOS x Ge. O°$ = (7 ae 05 x So 05 x (D o5 x eS 
Saxa) Te 


Patch-test applicatior and reading 

Quantities of each diluted soluuon (15 wl) were de: vered to separate filter-paper discs, placed in 
Finn chambers on Scanpor tape and then app ied to the skin of the upper back of the patients as 
in a routine patch test. Each patient was therefore challenged with seven serial dilutions of the 
appropriate antigen plus one blank control (dist:Mec water). An area of normal skin served as 
untreated control from which relative responses were assessed. 

The chambers were removed .g8 h later anc sites were assessed approximately 1 h and 2 days 
after the removal (2-day and 4-day readings. Av test sites were assessed by visual reading as 
recommended by the International Cortact Deamatitis Researcha Group.' Readings of skin 
thickness were taken using an ultrasound A-scan device (Cutech Dermal Monitor 70) and 
measurements of blood flow im the superfaicia. dermis were made using a iaser-Doppler 
flowmeter (Perimed; LKB Pharmacia) as previows!s described.” 





Stanstical analysis 
All analyses were performed using the relative response, Le. reading obtained at test site minus 
reading from the unchallenged skin. All dose-reemcmse relationshaps were calculated using the 


RESULTS 


The responses to the different coacentrationsof make! sulphate and potassium dichromate were 
measured by ultrasound and laser-Dopoler Howmeter techniques, and expressed as absolute 
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TABLE 1. Dose-response according to the different concentrations of 
nickel sulphate by ultrasound and laser-Doppler measurements 
(mean + standard deviation) 


PONOA EON T ASPEN ASCH a aaaea 


Laser-Doppler 
(arbitrary units) 


bey veitaimannatenAbAsaittanauimunnnn! 


Ultrasound (mm) 


No. of cases 








Ig 19 20 19 

a}. anrea niaren aaee jeciansanun re m aN ANNALAN EEN EAIA R a 
Concentration 2 Days 4 Days 2 Days 4 Days 

5 4534094 4144066 ©90+0'26 O85 + 0°33 
5x Gy 4194088 4:08+063 083+030 O86t041 
5 x)" 3734077 3791+083 0774037 O7140°48 
5x Gy 3664071 3784054 O704041 0604039 
5x GY 3594065 3594068 0534035 O§2 4045 
5x Gy 3484066 3384061 Of04035 0391034 
5 x G)° 3524069 3:494063 0444035 0384029 
5 «GY 3434059 3434079 0264025 DIGEOTZ 
Distilled water 319+0°59 3164056 O2FtO017 HITE O03 
Normal skin 306 +056 ZOPtOSI GOOOtOOS GIO O'O4 


aan TTT Ten TTT aa mmmesetesenennnememmetdaeassannemmenmesseuunnsnncecmmenecsiuenoammeniemminuaamesslaiiaieaenell 


TABLE 2. Dose-response according to the different concentrations of potassium 
dichromate by ultrasound and laser-Doppler measurements (mean + standard 
deviation) 


a 


Laser-Doppler 


Ultrasound (mm) (arbitrary units) 











No. of cases No. of cases 

8 8 9 8 
oF a a aAA ASAE na ‘ammeter 
Concentration 2 Days 4 Days 2 Days 4 Days 
0'5 4674080 4452+082 0'95 £030 0-78 £035 
os x (3)! 4304063 429+059 O834040 0744037 
o5 x G)? 3824075 3796+082 0-68 +041 O70 +036 
05 x G? FO2t07§ 3844077 068 +047 0°63 +035 
os x (3)* 3844055 3954073 O64+0°41 O§564+ 0°41 
o5 x (3)° 3°524060*% 3:804074*  O434031** 034 +0°33" 
o5 x (4° 3°73 £0°68* 3:67+0°72* O42+0°41** O41 +0°32* 
ag x (4) 355 4072* 3614072* o19+0:09** o-18 torg" 
Distilled water 3504079  358+076 O13 +0°05 O13 40°05 
Normal skin 3264066 3°384074 ©- 12 +004 >13 t 003 


PNOO EAA EERE eaaa NAT 


* No, cases 7. 
** No. cases 8. 
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values in Tables 1 and 2. These tables show that there is a relarionslhap between antigen dose and 
patch-test response as measured by the two instraments. Similar responses were observed for 
both the 2-day and the 4-day readings. The sxin thickness results were also plotted in graphic 
form as absolute and relative values (the relative value = absolute value — thickness value of 
normal skin) in the nickel-semsitive patients in Figure 1 ultrasound) and Figure 2 (laser 
Doppler). They show a dose-response relationzip. Correlation between antigen dose and 
ultrasound reading was found with beth absolute and relative values at both 2 days and 4 days 
(P <0-001). Laser-Doppler readiags at 2 and 4 devs also correlated positively with antigen dose 
(P <o0-o1) for both absolute and relative values. Almost the same curves were observed in the 
potassium dichromate-sensitive patients. 

The scatter diagrams of 5 x (3), nickel sulphæe versus ccrresponding response to distilled- 
water occlusion measured by ultrasound is shown Figure 3a) anc laser-Doppler flowmetry in 
Figure 3(b). They show that nearly ail points he above the diagomal lines of equality, which 
means the measurements can Cifferentiate between allergic patch-test responses and distilled- 
water occlusion responses at thes diution. They also shew clearly that in laser-Doppler 
measurement the value obtained from pormal skie is neglagib+e conrparec to the values of patch- 
test reactions. This is in contrast 1o ultrasound measurement where readings from normal skin 
can be more than half the values obtained from positive reactions. Similar scatter diagrams were 
observed in the potassium dichromate -sensitive patients. The scatter diagrams of the response 
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FIGURE 1. Dose-response curves according to the different concentratrens of nickel sulphate by 
measurement of skin thickness using ultrasound. Absolute values of skim thickness were positively 
correlated with the log of nickel concentration 2(@——-—-@) ard 4 (O—~—--O) days after application. At 2 days 
skin thickness = 3:93 + 0-21 = Gogjnickel concentration], ~= 040, < 0-008. At 4 days, skin thickness 
= 3°86 +0:17 x (loginickel concentration)’. Relative va. nes absolute value — normal skin value: were also 
positively correlated to the log of nickel concentration, 21 @- ~ ~@) and 4 (O- ~—O) days after application. 
At 2 days increase in skin thickness =0 88 +0 2c <(log{nickel sulphate concentration]). r=0-46, 
P<o-oo1. At 4 days, increase in skin thickness = 0-84 + œ r7 x Gog{mickel suiphate concentration]). 
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FIGURE 2. Dose-response curves according to the different concentrations of nickel sulphate as measured 
by laser-Doppler velocumetry. Absolute values were posinuvely correlated with log of nickel concentration 
at 2 days: blood flow =o 72+ 0 13 x (log{nickel concentration]), r053, P<0o-oo1, and at 4 days: blood 
flow =o 58 +o 14 x (log[nickel concentration]), r=0-52, P<o-oo01. For key see Figure 1. 
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FIGURE 3. Scatter diagrams of the response mearured by (e) ultrasound ar (b) laser-Doppler method to 
5 x (})% nickel against the corresponding response to water under occlusion. Nearly all points are above 
the diagonal line of equality, Bee ee earn tere peer ater TE 2 days; O, 
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FIGURE 4. Scatter diagram showing (a) relavive skin toeckr.ess and (b) relative blood flow measurements 


after nickel sulphate challenge in groups gracec on taei clinical reaction. Individual values ($) and 
mean + SE ($) are shown. A high degres of overiap cen te seen between the clinically graded groups. 
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FIGURE §. Correlation between ultrasound and laser-Doprler measurements in eight potassium 
dichromate-sensitive patients (26°), — 6 g x (4)°°, on ae, 


to nickel sulphate using ultrasounc i shown in “igure 4a) and the laser-Doppler flowmeter 
measurements Figure 4(b). The figure shows e tugh degree of overlap between the clinical 
grading groups. Similar scatter diagrams were #bserved with potassium dichromate in the 
potassium dichromate-sensitive patients. 





DESCUSS IN 


This study shows that there is a relaticnship betweenrthe dose of antigen and the skin response in 
Ig p 
patch-test reactions. This differs from the concesct cf threshold sensitivity’® t7 or ‘end-point’, 
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mainly because previous authors have only used a clinical evaluation. As shown in the scatter 
diagrams (Fig. 4), when the patch-test reactions are divided by the clinical grade there is a wide 
scatter of the objectively measured values within each group and extensive overlap between 
grades. This shows that subjective clinical grading is an inaccurate method when applied to the 
antigen dose-response of patch-test reactions. 

Friedmann et al.'® suggested that there was a log—dose response relationship in DNCB 
sensitized subjects and showed relatively linear log—dose response curves between different 
subgroups (sensitized by different DNCB doses). However, allergic patients in clinical practice 
are much more heterogeneous, as in our study, and there is a wide range of response patterns. 
‘The number of readings per patient, the large number of patients used, and their different ICD 
response types, all contribute to this. Another reason for the difference may be that our study 
covers a wider range of concentrations than was the case in Friedmann’s study. 

The study design can be criticised on the grounds that repeated measurements on each 
individual patient creates a within-patient and between-patient variance not accounted for in 
our simple linear model. We have re-analysed the data and shown that this criticism does not 
hold for the nickel sulphate sensitive patients’ ultrasound and laser-Doppler measurements (see 
Statistical Appendix). 

Non-invasive techniques such as pulsed A-scan ultrasound and laser-Doppler flowmetry may 
detect patients who have contact allergy but have negative or doubtful reactions on routine 
patch testing, because both instruments can differentiate between control and patch test 
responses over certain dilution ranges (Fig. 3). Objective measurements can also be useful in 
experimental animal or human sensitization studies,!*!? because these methods are more 
sensitive than clinical scoring and give quantitative data when the response is clinically 
undetectable. 

The correlation between the pulsed A-scan ultrasound and the laser-Doppler measurements 
in the same patients is weak, as shown in Figure §. The two measurements are basically quite 
different as shown in the scatter diagrams (Fig. 3). With the laser-Doppler flowmeter the value 
for normal skin is quite small compared to the change after inflammation, in comparison with 
the change in ultrasound readings. For this reason it is desirable to calculate the relative value 
(absolute value — value of normal skin) when using ultrasound measurements. Even with 
objective measurements, evaluation of patch-test reactions is difficult. In addition to individual 
variations there is inconsistency in the response to different concentrations of antigens, with at 
times greater reaction to weaker concentrations and vice versa (patch to patch variation), 
contributing to wide standard deviations. There is also a recent report?’ that 40% of patch-test 
positive reactions are not reproducible on the opposite side of the back in the same patients. 
Clearly more standardized patch-test methods (such as True-Test)*! should be developed 
alongside more sensitive and objective measurement techniques for the evaluation of patch-test 
reactions. 
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STa TISTICAL aPPENDIX 


ysed using a multiple linear regression 





model (Statgraphics Software Package) to test whether berween-subject and within-subject 
variation was equal.’ 


Responses= p-+a+a4¢ Pf +afi+fn+%: 


where: u= mean; 


x = variance due to log| Ni™* |; 
z = variance due to patient within loeg[N. 
p = variance due to dey of assessment; 
af = variance due to log[ Ni" + |*day interaction; 
fm = variance due to patient within day of assessment; 
x = error variance. 
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According to Winer,! between subject variance: 


between subject variance = 1 + (x x repeated measures); 
within subject variance =È + fr. 


For skin thickness the values for the coefficients generated were: 


“2=26°17 aB= 0:246 
T= 0'133 Bu= 2°36 
B= ooo È = 99°50 


.. between subject variance = 100' 56 
within subject variance = 101-86. 


For blood flow: 
a= 14'128 a= oor 
z= 0-014 PR= 3:379 
B= 0333 L = 34°79 


.. between subject variance = 34°9 
within subject variance = 38-2. 
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SUMMARY 


We report that protoporphyrin (PP) and ultraviolet light (UVA) induces histamine release from 
rat peritoneal mast cells, mouse bone marrow mast cells and human cutaneous mast cells in a 
dose- and temperature-dependent manner. The mast-cell activation was associated with loss of 
membrane integrity and inhibited by the hydrogen peroxide scavenger, catalase. Histamine 
release was independent of extracellular calcium in the rodent mast cells, but was markedly 
reduced in the absence of calcium in human cells. These findings indicate that PP and UVA 
induce mast-cell-mediator release by a process that may involve hydrogen peroxide formation. 
There appear to be differences in response to PP and UVA between rodent and human mast 
cells. 


Erythropoietic protoporphyria (EPP) is an inherited disease associated with decreased activity 
of the enzyme ferrochelatase, !? which results in elevated levels of protoporphyrin (PP) in the 
red blood cell, plasma, and faeces.” On exposure to sunlight, patients with EPP develop a 
burning and itching sensation followed within hours by oedema,‘ and these symptoms and signs 
of phototoxicity are consistent with those induced by mast-cell mediators.” Degranulation of 
the mast cells of the skin was thought to play an early role in the cutaneous manifestations of 
EPP. The findings on histology of mast-cell degranulation in early skin lesions of EPP appeared 
to confirm this,° and in animal models, functionally intact mast cells were found to be necessary 
for the full manifestation of porphyrin-induced photosensitivity. ™? Although other mediators 
of inflammation, in particular the complement system, are almost certainly involved in the acute 
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response to sunlight, mast-cell products have beer specifically implicated in the pathogenesis of 
the lesions of EPP.?:!° 

In one recent investigation of the role of masz-cell mediators in EPP, rodent mast cells 
preloaded with *H-serotonin and '*C-srachidenicacid were induced to release these exogenous 
mediators by the addition of protoporphyrin PP: and exposure te UVA light.” However, the 
release of endogenous mast-cell media-ors was not'studied, and rodent data may not necessarily 
be applicable to human mast-cel! pathophysiclogy.'' Therefore, im this study, the effect of PP 
and UVA on human skin mast cells vas investigated and the responsiveness of this cell type 
compared to that of rodent cells. Histamine refease was chosen as a measure of mast-cell 
activation because it is present in bota rodent ard ituman mast cells, and because histamine 
release has been observed in an in vivo animal model of porphyria and correlates well with 
phototoxic symptoms such as oedema °° 





METHODS 


Materials 

The following chemicals were purchased from Sigma Chemical Co., St Louis, MO, U.S.A.: 
Bovine serum albumin (BSA), concenavalin A, ce lagenase (Type 1), hyaluronidase (Type 1), 
toluidine blue, trypan blue 0-4", ino 2% Natl, theophylline, compound 48/80, antimycin A, 
2-deoxyglucose, mannitol, bovine aperoxide dismutase (3:00 U/mg), bovine liver catalase 
(11000 U/mg), and sodium azide. L-glutamine, penicillin, Streptomycin, non-essential amino 
acids, and heat-inactivated fetal calf serum were obtained from Gibco Laboratories, Grand 
Island, NY, U.S.A. Cromolyn was the gift of Dr Roger Menendez, Fisons Pharmaceuticals, 
Bedford, MA, U.S.A. Flow Laborator ves, McLeam, VA, U.S.A. was the source før the RPMI 
1640 medium, and BioRad of Richmor d, CA, U.S.A. fer the 2-mercaptoethanol. All mice used 
were from MTS Laboratories, San Diego, CA, U.S.A. “Sprague-Dawley rats came from 
Charles River Breeding Lab., Inc., Wilmington, DE, U.S.A. 

Protoporphyrin IX (PP) was obteined from “orphyrin Products, Logan, UT, U.S.A. 
Protoporphyrin (1 mg) was dissolved in 1 mlof 11-6 HC] and diluted 1/10 in distilled water to 
yield a stock solution of 100 ug. ml. The stock soketicn was stored in the dark at 4°C as too yl 
aliquots, which were further diluted ir 19-9 mi of HEPES-buffered Tyrode’s solution (TYR), 
PH 74, containing : NaCl (137 mM) D-glucose (5 mM), HEPES (10 mM), KCI (2-7 mM), 
NaH,PO, (0-4 mM). 


Isolation, growth, and maintenance of masi cells 

Histamine release was studied using taree cell sy sterns: inter leukin-3-dependent mouse mast 
cells differentiated in vitro from bone merrow precursors (HMMC), rat peritoneal mast cells 
(RPMC), and mast cells isolated from human infant foreskin (HSMC). 

To obtain BMMC, bone marrow cells were harvested from the femurs of 6-8 week old 
BALB/c mice. They were cultured in RPMI 1640 mediam (Dutch modification) with the 
addition of L-glutamine (4 mM), 2-mer-aptoethane: (soyiM>), penicillin (50 U/ml), streptomycin 
(50 mg/ml), non-essential amino acids í 100 uM each acid), and supplemented with ro? heat- 
inactivated fetal calf serum. The supermatant from s cell culture line of WEHI-3B cells (a line of 
mouse myelomonocytic cells that consntutively produce interleukim-3) was also added at a final 
concentration of 25°. The cells were maintained ir. hquid culture at a temperature of 37 Cand 
in a humidified atmosphere of <°., CO. and 95% gir. They were routinely passaged at weekly 
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intervals by dividing the culture and adding fresh medium supplemented as described above. 
BMMC were used after 3—6 weeks of culture. 

RPMC were obtained by peritoneal lavage of 200-400 g male Sprague-Dawley rats with 
20 ml of TYR containing heparin (10 U/ml) and BSA (2 ml of 38% BSA). After centrifugation, 
the cells were purified on a 38% BSA gradient, yielding a final population of > 99% viable cells 
as assessed by trypan blue staining and of > 95% pure mast cells as assessed by toluidine blue 
staining. *? 

A human skin mast-cell suspension was obtained from human infant foreskin specimens 
using the method described by Benyon et a/.'? The skin was coarsely chopped, then washed in 
HEPES-buffered Hanks’ balanced salt solution (HBSS), pH 7:4, containing: NaCl (137 mM), 
HEPES (20 mM), D-glucose (5 mM), KCI (2-7 mM), NaH{,PO, (0:4 mm), MgCl, (0:5 mM), CaCl, 
(1 mM), and fetal calf serum (1:5%). Chopped foreskin was incubated in HBSS containing 
collagenase (1-5 mg/ml) and hyaluronidase (0:5 mg/ml) at 37°C for 60 min. Dispersed cells were 
harvested by filtration through nylon gauze (150 um pore size) and washed twice in HBSS by 
centrifugation (200 g, 5 min, 4°C). The undigested tissue was subjected to a second identical 
digestion and separation, then further dispersed with a syringe and filtered through cotton 
gauze. After washing by centrifugation both sets of cells were pooled and incubated at room 
temperature overnight in medium identical to that used for BMMC culture, except that no 
WEHI supernatant was added. Within 24 h of their enzymatic dispersion, HSMC were used as a 
mixed cell suspension, in which they represented approximately 5% of the total cell population. 
Viability of the cell preparation as assessed by trypan blue exclusion was >95%. 


Light source and irradiation of mast cells 

Four General Electric F4oBL tubes were used as the source of UYA light. The lamps emitted 
the majority of photons over a wavelength range of 320-450 nm, with peak emission at 350 nm. 
The output of the lamps at wavelength range 390-410 nm was 50 pW/cm?, measured at a 
distance of 15 cm, with an IL Research Radiometer, a SEE400 sensor, a NB4o5 filter, and a 
W1968 diffuser (International Light, Newburyport, MA, U.S.A.). A 3-mm windowglass filter 
was used during irradiation to eliminate any possible photons of wavelengths below 320 nm. 
The doses of irradiation used were 60-320 J/m7?, as measured at 390—410 nm, the peak region of 
the absorption spectrum of PP. These doses are similar to those obtained during outdoor 
activity’*:!° and therefore are clinically relevant. 

The RPMC and BMMC to be used experimentally were washed three times in TYR, and 
resuspended to concentrations of 2:5 x 10° cells/ml and 2:5 x 10° cells/ml, respectively. HSMC 
in the cell preparation dispersed from human skin were washed once and used without further 
purification, at a concentration of 7:5 x 10° cells/ml. Aliquots (200 pl) of each type of mast cell 
were then added to polystyrene tubes containing either PP in TYR (200 ul) or TYR alone (200 
ul). Final PP concentrations studied were in the range of 30-250 ng/ml. These concentrations of 
PP correspond to those reported in the skin of patients with EPP.'® In some experiments, which 
are specified in the legends, calcium and magnesium were present in the reaction mixture at a 
concentration of 1 mM each. Otherwise, all experiments were performed in calcium- and 
magnesium-free buffer. In experiments with metabolic inhibitors, glucose-free buffer was used. 
Immediately after the cells were added to the polystyrene tubes, they were placed in a dark 
water-bath for 10 min at the desired temperature. Cells were irradiated in the same polystyrene 
tubes and at the same temperature at a distance of 15 cm from the light source. The temperature 
was continuously monitored. Controls consisted of cells irradiated in buffer alone, and 
unirradiated cells in buffer with or without PP. Duplicate samples were prepared for each 
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TABLE ¢. Trypan clue staimingest ret peritoneal mas: cells 








Staining Staining of 

grade nucleus cytoplasm Ceil morpholegy 

O — | = Normal 

I +j Normal 

2 +f Cells swollen with vacuoles 
a afm Cal membrane disrupted 


oct 


* Nuclear Staining was pale. 


experiment. Immediately after irradiation, both irsachated and corerol cells were inhibited from 
further histamine release by the addition of 2- ml of ice-cold TYR. Each tube was then 
centrifuged at 300 g for 5 min. Samples were serareted into supernatants and pellets, and the 
pellets were resuspended in TYR to a volume of gml and sonicated. The histamine content of all 
samples was then measured by a manual fluorimetricassay, following formation of a fluorescent 
adduct with o-phthaldialdehvde. ' The release of histamine into the supernatant was calculated 
as a percentage of that initially present in the cells. In each experiment results were expressed as 
per cent net release, which equals per cert total re ease minus per eent release in the presence of 
buffer alone. While cromolyn, theophylline, manzitel, and sodium azide did not interfere with 
the manual fluorimetric histamme assay at the ccncemtrations used in these experiments, 
catalase did. Therefore, in experiments involving catalase, a manual histamine extraction +? was 
performed on all samples prior to using the fluorimetric assay. 

In some experiments the integrity of the mast-cel’ membrane was assessed. Cell suspension 
(20 uł) was added to 20 ul of o-4"%, trypan blue, wad dye uptake by 100 cells was assessed on a 
Neubauer haemocytometer. Cellular staining was graded as follows (Table 1): o, no uptake of 
trypan blue; 1, pale nuclear staining with otherwise normal cel ular morphology; 2, diffuse 
cellular staining with cell swelling and vacuole formation; 3, celular staining with visible 
disruption of the cell membrane or a deeply sained free cell mucleus without associated 
cytoplasm. Grades o and 1 were considered to represent intact celis.'” 


Statistical evaluation 
All data are expressed as means + standard error ef the mean (SEA) for a given number (77) of 
experiments. The significance of differences between experimenta! groups was assessed using 
Student’s t-test for unpaired samples, with values of P <o-0§ considered to represent a 
significant difference. 





RESUE®S 


Effect of PP and irradiation ort the reizas? of histesiune 

In the presence of PP, exposure to UVA radiation resulted in the release of histamine from all 
ypes showed greater histamine release as the 

WMC and RPMC showed a 

clear relationship between the dese of irradiation and the release of histamine, with maximum 

per cent net histamine release occurring at the higaest UVA dose. HSMC were not examined at 

varying UVA intensities due te limited awailabilirs of cells. BMMC and RPMC, ia the presence 
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of PP (250 ng/ml) and exposed to 320 J/m? of 390-410 nm irradiation, produced a maximal net 
histamine release of 43:6 + 5:1% and 52:1 t 2:0% , respectively (Fig. 1 a, b). In the absence of PP 
and UVA, the background spontaneous histamine release was <5% for both RPMC and 
BMMC. Irradiation alone resulted in <5% net release for RPMC and <12% for BMMC. 
Incubation with PP in the dark produced < 5% net release for both cell types. HSMC gave a 
maximum net histamine release of 30-5 2:9% (Fig. 1c) and a spontaneous release that was 
usually <15%. ; 


Effect of temperature 

When BMMC, RPMC, and HSMC were incubated with PP (250 ng/m!) for 10 min and then 
irradiated with UVA (320 Jm?) at varying temperatures, histamine release by all cell types was 
suppressed at o°C, lowered at 30°C, and slightly elevated at 45°C relative to the release observed 
at 37°C (Fig. 2). The temperature dependency was not altered by increasing the amount of PP 
added (data not shown). 


Effect of scavengers of reactive oxygen radicals 

The role of reactive oxygen radicals was studied by exposing RPMC and HSMC to PP (250 ng/ 
ml) and irradiation (320 J/m7*) in the presence or absence of mannitol, sodium azide, or catalase. 
Histamine release was 54:6 t 1°5% and 38:2+2-7% from RPMC and HSMC, respectively, in 
the absence of scavengers (Table 2). Mannitol (10 mM), a hydroxyl radical scavenger, and 
sodium azide (0:1 mM), a scavenger of singlet oxygen, produced no suppression of histamine 
release from either cell type. Catalase (3438 U/ml), a scavenger of hydrogen peroxide, produced 
61-7+2-6% suppression of the release of histamine from RPMC and 79-8 + 1:7% from HSMC 
(P<o-oo1r). This inhibition was dose-dependent and was consistent with the previously 
observed in vitro inhibition of PP- and UVA- induced serotonin release from mast cells.° 
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FIGURE 1. The effect of varying concentrations of PP on histamine release from (a) BMMC, (b) RPMC 
and (c) HSMC at different doses of UVA light. @ ——-@, 320 J/m?; W-E, 220 J/m*;a A, 60 J/m?. 
Results are given as means + SEM, s m 4 (BMMC, RPMC), s = 12 (HSMC). 
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FIGURE 2. The effect of temperature on the release of hismurcne fran SMC. BMMC, and RPMC by PP 
(250 ng/ml) and UVA (320 Jim? à Values are means ~ SEM for at beast foar experiments. W, HSMC; 
5, BMMC; B, RPMC. 





TABLE 2. Effect of scavengers of reactive exygen radicals o2 histamine 
release induced by protoporphyrin eso ng/ml) ard irraciation (320 
J/m’) from REMC and HSMC 











Net °;, release + SEM™ 
‘sia mii imal heh eli ch bead Sand aba a eh Per cent 
Scavengers Withowt With suppression 





RPMC 
Mannitol {to mm) 624i nh §7'44+39 p3 
Sodium azide (o-1 mB 534i 03 GILO + Og —12'6 
Catalase (3438 U/ml SO 6+ Hs 13-74 4:8 72:9 


HSMC 
Mannitol (10 mM? 302+ 
Sodium azide (o-1 MM) 371+ gg 
Catalase (3438 U/ml 437-9408 16-& tog 61-7 











The net release induced by the scavengers alene was: RPMC; 
mannitol, 61 +01; secium azide, ©: + 1-0; and catalase, 6-94 11 
(mean + SEM). HSMC;mannitol, 10+ 1-3;sodium azide. 44-4 + 0-6; 
and catalase, 14-3 +02. 

* Separate experiments were performec. with each scavenger. The 
results represent the mean cf at least two experiments, each performed 
in duplicate. 
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FIGURE 3. Histamine release induced from mast cells by PP (250 ng/ml) and UVA (320 J/m?) in the 
absence (0) or presence (W) of added calcrum and magnesium tons. Values are means + SEM for 4—6 


expernments. Release from human skin MC is significantly higher in the presence of calclum and 
magnesium than in their absence (P <0 05), 


Effect of dtvalent cations 

RPMC incubated with 250 ng/ml PP and exposed to UVA produced 51-9 + 5:2% net histamine 
release in buffer without calcium or magnesium and 49:3 + 2°4% when these ions were added at 
concentrations of 1 mM each (Fig. 3). In contrast, under identical conditions, HSMC released 
121+ 3°4% of their histamine without calcium and magnesium and 30:8 + 5-7% when these 
ions were present (P < 0-05). 


Kinetics 

As shown in Figure 4, histamine release from RPMC was dependent upon the incubation time 
of the cells with PP prior to irradiation. To examine whether histamine release was the result of 
incorporation of PP into cells, RPMC were incubated with PP (250 ng/ml) for 10 min at 37°C, 
washed three times with ice-cold TYR and irradiated (320 J/m*). Duplicate samples were 
irradiated without washing. Similar net release of histamine was obtained when cells were 
irradiated without washing (§9°3+1:1%) or following removal of PP from the medium by 
washing (62:8 + 2°4%). These results suggest that a time-dependent process, perhaps reflecting 
incorporation of the PP molecules into the mast cell, is important in photoactivation. 


Membrane integrity of PP and UV A-treated mast cells 
The capacity of PP and UVA to induce alterations in mast-cell membrane integrity and to 
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FIGURE 4. Histamine release as a function of the incubax:omtime of RP MC with PP. Cells were incubated 
with PP 250 ng/ml for increasing times pricr to irradiation with 320 J/m?. Values are means + SEM for 
four experiments. Each incremental increase in ore-iecubatior time resulted in a significantly higher 
release of histamine (P < o-os or better). 


i a oan 
© @3 €3 of am 


Cells (%} 
Celis (%} 
pee iit 
E Saat 





0 1 2 S 


Staining grage Staining grade 


FIGURE §. Trypan blue staining of EPMC incubated eiter with buffer alone 1, PP at 25 ng/ml E, or PP at 
250 ng/ml &. (a) Staining of unirradiated cells; (b) Staing of cells isradiated with 320 J/m*. Values are 
means + SEM for 2-9 experiments. Asterisks indicate a significant difference (P <0-05) between cells 
exposed to PP and those in buffer alone for each stainimg grade in either (a) or (b). For an explanation of 
staining grades, see Table 1. 


produce histamine release were compared. Membrane integrity was assessed by the ability of 
the cells to exclude trypan blue (Table 1). As shown in Fig. sa. the majority of RPMC incubated 
in the absence of PP and UVA were either unstaized by trypan blue (grade o; 659 + 3°8%) or 
showed pale nuclear staining with normal cellular morphology (grade 1; 1 77 +277"). Exposure 
of the cells to PP (25 ng/ml) with irradiation (Fig <b) significantly altered this pattern. Under 
these conditions, only 18-0 + 89%, of the cells maistained cellular integrity (5:8 + 3:8% , grade o 
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and 12:°3+3%, grade 1). The majority of the cells showed evidence of cell damage with either 
diffuse cellular staining (grade 2, 40:8 + 7:9% ) or visible disruption of the cell membrane (grade 
3, 41:8 + 1:0% ), despite the fact that the net histamine release was only 12:6 +3:3%. With a 
higher concentration of PP (250 ng/ml) and irradiation, there was evidence of increased cell 
damage (29-2 + 13'7%, grade 2 and 69:4 + 13-7%, grade 3), with few, if any, intact cells. Net 
histamine release induced by UYA and this higher dose of PP was 67:8 + 1:6%. 

There was a significant alteration in the integrity of RPMC membranes induced by PP in the 
absence of UVA irradiation. Fewer cells treated with PP at 250 ng/ml displayed grades o or I 
(39:8 +0:6%, grade o and 8:5 + 4-7, grade 1) compared with untreated cells (65:9 + 38%, grade 
o and 17°74+2°7%, grade 1), while a significantly higher proportion of the PP-treated cells 
exhibited staining grades 2 and 3 (170+ 5-:1% and 2:4 t 44%). Similar results were obtained 
when 25 ng/ml of PP were used. These decreases in cell membrane integrity in RPMC treated 
with PP without irradiation were observed in the absence of any histamine release above that of 
controls. UVA irradiation in the absence of PP had no effect on trypan blue staining of the cells 
(n= 2). . 


Effect of metabolic inhibitors 

The combination of antimycin A (I uM) and 2-deoxyglucose (10 mM), inhibitors of oxidative 
phosphorylation and glycolysis, respectively, had no effect on histamine release from either 
RPMC or HSMC when these cells were exposed to PP (250 ng/ml) and UVA (320 J/m?). 
Histamine release was 76:0 + 5'0% (RPMOC), 56°7+2°6% (HSMC) and 71:3 4 1:8% (RPMOC), 
42°9+2:3% CHSMC) in the presence and in the absence of the inhibitors. In control 
experiments, 20 min of incubation with the combined inhibitors completely inhibited release 
induced from RPMC by concanavalin A (22-3 + 1:5 v8. ~§°§+0°5%) and by compound 48/80 
from HSMC (11:5 +0°5% vs. 00+ 1:0%). The DMSO vehicle used to dissolve antimycin A 
(final concentration 0:25%) had no effect on either basal or stimulated histamine release (data 
not shown). 


Effect of cromolyn and theopkylhne 

Cromolyn is an inhibitor of both metabolic and cytotoxic histamine release from mast cells.?° 
Cromolyn (0-1 mM) failed to inhibit histamine release from RPMC induced by PP (250 ng/ml) 
and UVA (320 J/m*). Histamine release was 56:0+6-7% in the absence of cromolyn and 
60:0 +67% when cromolyn was added to the cells 10 min prior to irradiation (n = 4). Similarly, 
the drug did not inhibit histamine release when it was added immediately prior to irradiation. 
The same concentration of cromolyn produced significant inhibition of histamine release 
induced by compound 48/80 (1 ug/ml) as the release of histamine was 29'032% and 
38°1+2°5% in the presence and absence of cromolyn, respectively (P <0:05). 

Theophylline is a known inhibitor of both cytotoxic-and IgE-mediated histamine release 
from mast cells.?°:7! The photoactivation of RPMC by PP (250 ng/ml) and UVA (320 J/m?) was 
not inhibited by theophylline (10 mM). In the presence of this drug, histamine release was 
761% +0°72%, compared with 68-4+1:°5% io its absence (n=6). This concentration of 
theophylline was adequate to completely inhibit the histamine release from RPMC induced by 
concanavalin A (10 ug/ml), in which case histamine release was 0-4+1°4% and 11-423% in 
the presence and absence of theophylline, respectively (P < 0-05). 


DISCUSSION 
This study investigated whether the clinical manifestations of EPP could be partly explained by 
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the effect of porphyrin and light on the human mas: cell. The properties of HSMC in this system 
were compared with those of EMMC and RPM« waich had previously been shown to release 
exogenous mediators following PP + UVA treatreent.” Exposure to PP and irradiation resulted 
in a release of endogenous histarrine rom BMMC and RPMC which was dependent upon the 
concentration of PP, as well as the irradiation dese. Similarly, HSMC irradiated at 320 J/m? 
showed increasing histamine release with rising eencentrations of VP, demonstrating that mast 
cells from all three species release histamine uper osure to UVA irradiation and PP. 

Net histamine release by PP and UYA trom all sare 
increased at 45°C compared to that observed at 37 ©. The lack of inhibition at 45°C suggested 
that a cytotoxic rather than an enzymatic precess wus involved. 

The role of reactive oxygen radicals, which wes previously studied in PT18 cells preloaded 
with [*H]-serotonin.® was studied im RPMC asd 4ISMC using scavengers specific for the 
various oxygen species. Only catalase had a protective effect, implying a role for hydrogen 
peroxide in the PP- and OUVA-meuced release of ‘astamine from beth cell types. These findings 
agree with studies which have shown PP- and L VA-imduced damage of the erythrocyte 
membrane, accompanied by formation of hydregen peroxide.**-° Photoinduced histamine 
release may be the result of similar membrane<larmage of mast cells oroduced by the liberation of 
hydrogen peroxide, but it remains to be proven whetner hydrogen peroxide is a direct releasing 
stimulus.** 

The effect of calcium on histamine reicase incaced by PP and UVA was investigated using 
RPMC and HSMC in the presence cr ansence of caiclum and magnesium. While magnesium 
can substitute for calcium as a second messenger or alistamine release when there is no calcium 
available, calcium is the normal secomd messenger for secreton following immunologic 
stimulation. RPMC exhibited smiler met histamine release with or without the addition of 
calcium to the buffer. In contrast, nstamaine releasec by HSMC in the absence of calcium was 
< 50? (IZI +34?) of that observed m the presence of calcium (30°8+ §-7°.). These data 
suggest that a different mechanism may operate in the phototoxec release of histamine from 
HSMC and RPMC. 

By incubating RPMC with FP for increasing tenes prior to irradiation, we demonstrated that 
histamine release was dependent on the length ofthis exposure. This suggests thet the ability of 
PP to produce photoactivation of masz cells may relase to cell-membrane solubility.” 75 RPMC 
incubated with PP for ro min ard then washed pricr to irradiation were found to release the 
same amount of histamine as unwashed cells, which again suggests-diffusion of lipid-soluble PP 
molecules into the mast-cell membrane prior to shetoactivation by UVA. 

Direct staining of RPMC after exposure te PP and UVA indiczted that the photoactivation 
process is associated with a less ot membrane integrity. This finding agrees with previous 
studies” *° which showed photo! sis ef rodent mast cells under similar conditions. Trypan blue 
staining may be a more sensitive indicator of mast-cel phetoactivation than histamine release, as 
demonstrated by the staining changes seen with 25 ng/ml of PP and UVA, in the absence of 
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produced by detergents. Theepaylliane and cremaolyn, at concertrations sufficient to inhibit 
metabolic activation of mast cells, failed to protec: beth human and rodent mast cells from PP- 
induced photolysis, even though the concentrations of these drugs used have been reported to be 
sufficient to inhibit surfactant-induced mast-cel. lysis. 

The use of a mixed cell suspensiom as the HSC preparation should be addressed. While 
mast cells are the only cells in the expersmental mmixcure which reicase histamine, such release 
does not necessarily indicate a primary effect on the mast cels. However, this study has 
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demonstrated histamine release in HSMC exposed to UYA and PP tm vitro. Although previous 
studies have demonstrated exogenous mediator release from rodent mast cells in conditions 
simulating EPP, the ability of human skin mast cells to release endogenous mediators in 
response to clinically relevant doses of PP and UVA had not previously been addressed. Similar 
endogenous histamine release may occur im vivo in the cutaneous mast cells of patients with 
EPP. 


ACKNOWLEDGMENTS 


We thank Sue Krayzel for her assistance in the preparation of this manuscript. The studies were - 
supported by grants from the National Institutes of Health (Al20476, Al24992) and 
Dermatology Foundation Fellowships to Drs Glover and Bailey funded by Avon Products, 
Inc., and the Cosmetic, Toiletry and Fragrance Association, respectively. 


REFERENCES 


1 Magnus IA, Jarrett A, Prankerd TAJ, Rimington C. Erythropoietic protoporphynia: a new porphyria syndrome 
with solar urncaria due to protoporphymnemia. Lancet 1961; ih 448-51. 
2 Bottomley SS, Tanaka M, Everett MA. Diminished erythroid ferrochelatase activity in protoporphynia. 7 Lab Chn 
Med 1975; 861 126-31. 
3 Bickers DR, Pathak MA. The porphynas. In: Dermatology m General Medicina (Fitzpatrick TB et al., eds), New 
York: McGraw-Hill Book Co. 1987; 1666-715. 
4 Poh-Fitzpetrick MB. The erythropotetnc porphynas. Derm Cloncs 1986; 4: 291. 
s Wasserman SI. The mast cell and its mediators In: Dermatologic Immunology and Allergy (Stone J, ed), St Lous: 
C.V. Mosby Co. 1985; 187-196. 
6 Schnait FG, Wolff K, Konrad K. Erythropoietle protoporphyrie—submuicroscopic events durnng the acute 
photosensiuvity flare. Br F Dermatol 1975, 922 545-57. 
7 Kamide R, Gigh I, Lim HW. Parnapetion of mast cells and complement in the ummediate phase of 
hematoporphyrm-imduced phototoxicity J Invest Dermatol 1984; 8a: 485-90. 
8 Lim HW, Hagan M, Gigh I. Phototoxicity 18 induced by hematoporphyrin derivative m Cs5-deficient, mast cell- 
deficient, and leukopenic mice. Photochem Photobiol 1986; 44: 75-80 
9 Lim HW, Gigli I, Wasserman SI. Drfferennal effects of protoporphyrin and uroporphyrin on murine mast cells. F 
Invest Dermatol 1987; $8: 281-6. . 
10 Kerdel FA, Soter NA, Lim HW. In vwo mediator release and degranulation of mast cells in hematoporphyrin 
derivative-induced phototoxicity in mice. ¥ Imvest Dermatol 1987; 88: 277-80. 
II Barrett KE, Metcalfe DD. Mast cell heterogeneity: Evidence and implications. 7 Chn Immunol 1984; 41 253-61. 
12 Rosenoer VM, Jacobsen W. Cells and Tissues mm Culture. New York: Academic Presa, 1966; 355. 
13 Benyon RC, Church MK, Clegg et al. Dispersion and characterization of mast cells from human skin. Int Arch 
Allergy Appl Immunol 1986; 791 332-4 
14 Stur R. Measurement of natural ultraviolet radiation. Historical and general introduction. In: The Biological Effects 
of Ultraviolet Radiation (mith Emphasis on Skin) (Urbach F, ed), Oxford: Pergamon Press, 1969; 377-90. 
15 Lim HW, Perez HD, Goldstein IM et al. Complement-derived chemotactic activity ls generated in human serum 
containing uroporphyrin after irradiation with 405 om light. F Chm Imvest 1981; 67: 1072-7. 
16 Van Gog H, Schothorst AA. Determination of very small amount of protoporphyrin m epidermis, plasma, and 
blister fluids. F Invest Dermatol 1973; 611 42-5. 
17 Shore PA, Burkhalter A, Cohn VH A method for the fluorimetric assay of histamine in nssuss. F Pharmacol Exp 
Ther 1959; 147 182-6 
18 Siraganian RP, Hook WA. Histamine release and assay methods for the study of human allergy. In: Manual of 
Cknzcal Immunology (Rose NR, Friedman H, eds), and edn. Washington, DC: American Society for Microblology, 
1980; 808-21. 
19 Johnson AR, Moran NC. Release of histamine from rat mast cells. A comparison of the effects of 48/80 and two 
antigen—annbody systems. Federanon Proceedings of the American Association of Immunologists Symposium 1969; 18: 
1716-20. 


512 R.A.Gloves et al. 


20 Pearce FL, Clements |. Effect of disedium cremeglycate and cycic AMP-actrwe drugs on cytotoxic histamine 
release from rat mast cells. Biochem: Psarmecol 1982; 31: 2247-50. 

21 Ennis M, Truneh A, White JR, Pearce FL. Inkibition of ‘sistamine secretion from mast cells. Nature 1981; 289: 
186-7. 

22 Schothorst AA, Stereninck J, van Went LB ez af. Photodenamic damage of the erythrocyte membrane caused by 
protoporphyrin in protoporphyria anc in narmal red blo@c ceils. Cha Chim Acta 1972; 39: 161-70. 

23 Goldstein BD, Harber LC. Erythrogoietic pretoporphyma: bpid peroxidation and red cell membrane damage 
associated with photohemolysis. 7 Clie Invest 1972; 5i: 8@2~-go2. 

24 Ohmori H, Komoriya K, Azuma A ez al. Xanthine oxidass-inducec histamine release from isolated rat peritoneal 
mast cells: involvement of hydrogen peroxiite. Siechemn Peermacel 1979, 28: 3¥3-4. 

25 Emilani C, Delmelle M. The lipid seub:licy of porphyrios modulates their phetotoxicity in membrane models. 
Photochem Photobiol 1983; 37: 487-90 

26 Randire NS, Menon IA, Haberman HF. Photelysis of mest cells in the presence of protoporphyrin. Acta Derm 
Venereol (Stackh} 1979; §9: 493~7.- 











British Journal of Dermatology (1990) 122, 513-524. 


6-Methylangelicins: new monofunctional 
photochemotherapeutic agents for psoriasis 


M.CRISTOFOLINI, G.RECCHIA, S.BOI,f F.PISCIOLI,¢ F.BORDIN,* 
F.BACCICHETTI,* F.CARLASSARE,* M.TAMARO,# B.PANI,§ 
N.BABUDRI,§ A.GUIOTTO,* P.RODIGHIERO,* D.VEDALDI* AND 
F.DALL’ACQUA* 


Division of Dermatology, Hospital of Senta Chiara, Trento; *Department of Pharmaceutical Sciences, 
University of Padova; tInstitute of Anatomical Pathology, Hospital of Sante Chiara, Trento, 
Institute of Microbiology, University of Trieste and (Department of Biochemistry, Biophysics and 
Macromolecular Chemistry, University of Trieste 


Accepted for publication 18 September 1989 


SUMMARY 


The monofunctional furocoumarins, the 6-methylangelicins, were tested for their antiprolifera- 
tive activity with various animal models and for genotoxicity in micro-organisms and in 
mammalian cells. The most active compound was 6,4,4’-trimethylangelicin, which showed a 
high antiproliferative effect and reduced genotoxicity in comparison with 8-methoxypsoralen 
(8-MOP). Some of these compounds were also tested clinically by topical application on 17 
patients with psoriasis. They appeared to be more active than 8-MOP in clearing psoriasis 
without inducing skin phototoxicity. The methylangelicins also caused skin pigmentation. 


The photochemotherapy of skin diseases is carried out by administering psoralen (a linear 
isomer of furocoumarins) plus UVA (at 320-400 nm) light (PUVA).' At present the drug most 
frequently used for this treatment is 8-methoxypsoralen (8-MOP)’ although 5-methoxypsora- 
len (5-MOP)? and 4,8,5’-trimethylpsoralen (TMPY are also employed. 

The effectiveness of this therapy is mainly ascribed to specific photodamage to DNA in the 
epidermal cells, inhibiting DNA replication and therefore cell division./* In particular, the 
psoralen molecule, intercalated between two base pairs of DNA, photoconjugates with one 
chain forming monoadducts, or with both complementary chains forming inter-strand cross- 
linkages (diadducts).° 

PUVA is considered to be a most effective therapeutic treatment for severe psoriasis and the 
early stages of mycosis fungoides, but there are some side-effects such as skin phototoxicity, 
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pruritus, nausea and impairment of cell-mediated :mmunity.' The -ncreased incidence of skin 


In order to reduce the risks of PUVA treatment, we prepared and studied various 
methylangelicins, monofunctional furccoumarins which do net photoinduce inter-strand cross- 
linkages in DNA but which photebina with macromolecules only s monoadducts. 

Three series of methylangelicins were prepared: the first, «-methyl, 4,5’-dimethylangelicin, 
showed less therapeutic activity than 3-MOP;” the second, the 4’-methylangelicins, showed 
good antiproliferative activity and a grezter therapeutic effect ther 8-MOP. However, these 
compounds showed some skin phototexicity en guinea-pig and human skin.*? 

Another important problem related to the sxmthetic procedure of the above angelicin 
derivatives was their purity. The imtroduczion of a methyl group in the 6-position seemed to be a 
good solution,'” and a third series-of compounds were therefere prepared: the 6-methylangeli- 
cins. Some of these efficiently photobind to DNA and show a good antiproliferative action.'® 
Preliminary clinical results indicate that some 6-methylangelicins also show a marked 
therapeutic effect.'°:!! 

This paper describes the effectiveness of the most active 6-methylangelicins, i.e. 6,4- 
dimethylangelicin (6,4-DMA), 6.4 -d:methylange icin (6,4’- MA}, 6,4,5’-trimethylangelicin 
(6,4,5 -TMA) and 6,4,4’-trimetbylargelicin (6,4 -TMA) (Fig. 1), in clearing lesions of 
psoriasis with topical application and UVA irradistien in 17 patien:s. 

The photomutagenic activity of twe of these compounds (4,4’-D MA and 6,4,4 -TMA) was 
also investigated anc compared wit: §-MOP on three cifferert biological systems, i.e. 
Escherichia coli WP2 uvrA, Chimese hamster V79 cels, and Aspergdlus nidulans conidia. 











METHOTES 


UV sources 

For evaluation of epidermal DNA synthesis mhictition in mouse, irradiation was carried out 
using Philips HPW 125 lamps. The quarz bulbs m these lamps were coated by nickel-cobalt 
Wood’s filter and the emission spectrum was in the range 313-405 nm, with a maximum at 
365 nm (over 90°, of total emission).'~ Irradiance was determined by a chemical actinometer!? 
and was 0:55 mW/cm‘. For photomutegenicity exmeriments, » ‘Blacklite’ blue fluorescent lamp 
(F 15 T8 BLB, 15 W) was used. The emission spectrum was im the range 220-400 nm. 
Irradiance, determined as described above, was 9-191 mW/cm?. It was then routinely 
monitored using a UVX digital radiometer equpred with a UVX-36 sensor (Ultraviolet 
Products Inc., S. Gabriel, CA, U. S.AG. 

The patients were irradiated with high intensity UVA emitted fron a low-pressure mercury 
fluorescent lamp (mod. PUVA Waidmann Sylvanie Fis T8). The emission spectrum was in the 
range 320-400 nm. Irradiance was € m'W’cm* 2s determined by a calibrated photometer 
(International Light). 








a 


Toxicity 

The lethal dose was determined on NCL mice we:ght 20 + 1 g), using 10 animals for every dose 
and with four dose levels. The mice were not fed fer 4h prior to oral administration of the drug 
which was suspended in 0-5”, methylcellulose (0-2 ml/mouse). The calculations were carried 
out according to the method of Weil. +t 





Inhibition of epidermai DNA synthesis 4 rouse 
The methods used were similar tc thos 





6-methylangelictns tn psoriasis treatment 515 








Crs 
CH3 
Y 
O 
aN 
CH3 
CH3 CH; 
6,4-DMA 6.4,8-TMA 6,4,4-TMA 


FIGURE I. Molecular structure of 8-MOP, 6-MA, 6,4-DMA, 6,4’-DMA, 6,4,5’-T MA and 6,4,4’-TMA. 


Topical application. Furocoumarins were applied to the depilated skin of the backs of female 
NCL mice using a 0-1% methanolic solution (50 ug/cm?); each compound was tested on six 
mice. They were kept in a dark room for 45 min, after which their backs were irradiated at 365 
nm (0-99 J/cm’, delivered over 30 min). Immediately after irradiation, each mouse was injected 
intraperitoneally with ro pCi (0-14 nM) of [°H]-thymidine (specific activity 70 Ci/mM; 
Radiochemical Centre, Amersham, Bucks, U.K.) in Hanks’ solution (0-2 ml) and killed 30 min 
later. 

The skin specimens were removed and the epidermis isolated according to the method of 
Bowden et al.,'° with slight modifications: the whole skin was kept for r min in distilled water at 
55°C and chilled by immersion in ice-cold water. It was then placed on a cooled (— 20°C) glass 
plate, dermis side down, and the epidermis removed by scraping with a razor blade. The 
epidermis was cut and suspended in 10 volumes of ice-cold sodium saline citrate (0:15 mol/l 
sodium chloride; 0:02 mol/l sodium citrate) and then homogenized in a Vortex mixer and a 
Potter—-Elvehjn homogenizer, and cooled in ice. The mixture was composed of 2% sodium 
lauryl sulphate and 1 mol/l sodium chloride and left at room temperature for 2 h. The 
suspension was then extracted three times with a chloroform-butano] 4:1 mixture (v/v)."7 

The DNA was precipitated with a double volume of ethanol, washed with 80% ethanol and 
dissolved in 1 ml of water. The DNA content of the solution was determined (0:2 ml aliquots, by 
reaction with diphenylamine),'® and radioactivity (0-5 ml samples, diluted to 1 ml of water, 
mixed with ro ml of Instagel (Packard Instruments) counted with a 300 CD Packard 
scintillation spectrometer. | 

Controls were skin specimens of the abdomen of thé same animals not exposed to UVA light. 
Preliminary experiments showed that ventral and dorsal skin have similar levels of epidermal 
DNA synthesis. The specific activities observed in the control skin samples were in the range 
0-9-1'2 x 10* d.p.m./mg of DNA. 
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Oral administration. The NCL. mice Weight 2¢»+ 2 g) were not fed for 3 h prior to the oral 
administration of a single dose ef 5 mg per mouse of the furocoumarin, suspended in o 59% 
methylcellulose. Groups of at leas: six animals were used for each experiment. The mice were 
kept in a dark room for 2 h and theskin of zhe back was then irradiated with UVA (9-99 J/cm?). 

Subsequent steps for epiderma! cell isolation, homogenization and DNA extraction were 
similar to those described above. The unexposed skin of the abdomen, protected from light by 
black paper, was used as a control, as described above. 








Phototoxicity 

Experiments on albino guinea-pig skin (weight 250-350 g). Measared volumes of 5 and 50 
ug/em? ofo-1%, ethanol solution were placed by micrepipette on a 4 2m? area of depilated skin. 
The solvent was rapidly evaporated by means cf amair stream and the skin was irradiated for th 
with a HPW 125 Philips lamp (total radiation gose 1-98 J/cem?).'° Visual gradings of the 
erythema responses were made 24 and 48 h after exposure. 

Experiments on human skin of psoriatic patienss. “The experiments were carried out on areas of 
the skin not affected by psoriasis. The treated areaswere observed 24 2nd 48 h after irradiation to 
evaluate the erythema response. 

The scale adopted was that used by Fitzpatrick esal. ?? 0, no erythema; +, barely perceptible; 
+ +, pink; + + +, red, with oedema; + + + + »Fearxed erythema, oedema with vesiculation. 





Pigmentation 

The treated areas were observed 3 and 2 weeks afer exposure to UVA and the pigmentation 
assessed as follows: 0, no tan; +, light tan; + + »medium tan; + + +.dark tan (after Fitzpatrick 
ëtal.””) 


Photomutagenicity 

The genotoxic action of 6,4 -DMA and 6,454 -TMA plus UVA was studied on three biological 
systems: the prokaryotic system, Escherichia col W’P2 uvrA and two eukaryctic systems, 
Aspergillus nidulans and V79 Chinese hamster cell. The genotoxic activity of 8-MOP plus UVA 
(320-400 nm) was used for a reference. In all the experiments, controls were carried out by 
keeping the micro-organisms in the dark in the presence of the drug and irradiating them in the 
absence of the drug. 

Escherichia coli B, strain WP2 uvrA, grown in Davis Mingioli mini nal salt glucose medium?! 
plus 20 ug/ml tryptophan, was suspended ata derety of 4 x 10° cells’ml in phosphate-buffered 
saline. The furocoumarins, dissolved in aksolute emianol, were added toa final concentration of 
5 ug/ml of the drug and 0-025", of ethanol. Aliquets of § m! of the suspensions were poured onto 
5-cm Petri dishes, to form a layer about 1 nam “hick. They were kept in the dark at room 
temperature for 20 min and thea irradiated with a ‘Blacklite’ blue fluorescent lamp. The 
irradiated cells were plated on SEM agar contaimmeg 115°% of agar (fortified with o-1 mg/ml of 
Difco nutrient broth) and revertant colenies were scored after 48 h of incubation at 37°C. 
Survivors were scored by plating appropriate dilutions of the irradiated cells in the same MMA 
medium supplemented with tryptophan. 

Aspergillus nidulans haploid strain 35 was prepageted in complete medium. The survival rates 
and mutagenicity were determined in minima! zepek-Dox (CD) medium. After go min 
incubation in the dark at 37°C in distillec water containing 5 ug/ml of the furocoumarins and 
0'025% of ethanol, used as a solveat for the drag, the conidia (8-10 x 10’ ml~ ') were irradiated 
as described for E. coli cells. They were then plated on CD-mediwn containing &-azaguanine 
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(final concentration 1:5 mmol/l) and the number of 8-azaguanine resistant colonies was 
determined after 48 h of incubation. Survivors were scored by plating appropriate dilutions of 
conidia on CD-medium without 8-azaguanine. 

Chinese hamster V79 cells were cultured in Dulbecco’s minimum essential medium con- 
taining 10% fetal calf serum (Microbiological Associates), 100 [U/ml penicillin and 100 pg/ml 
streptomycin. The cells (2:5-3 x 10° per plate, 5 cm diameter) were incubated in medium 
without serum containing 5 ug/ml (0:025% of ethanol was used as solvent for the drug) of the 
furocoumarin for 20 min in the dark at 37°C in a humidified 5% CO, atmosphere; irradiation 
was carried out as described above. The irradiated cells were detached from the dishes with 
0:25% trypsin (1/250 Difco) and cell density was estimated by haemocytometer. For survival 
determination, 200 cells were plated on a §~cm Petri dish (four plates for each dose). For mutant 
selection, 2 x 10° cells per 10-cm Petri dish were plated (five plates). Mutants defective in 
hypoxantine-guanine phosphoribosyl transferase (HGPRT) were selected by adding 
6-thioguanine 1 h after plating at a final concentration of 4 g/ml. Both survival and mutation 
plates were stained with 1% methylene blue 7 days after plating and colonies were scored 
macroscopically. 


Clinical experiments ~ 

Four 6-methylangelicins, 6,4-DMA, 6,4’-D MA, 6,4,5 -TMA and the most active 6,4,4 -T MA, 
were tested for their effectiveness in clearing plaques of psoriasis in 17 patients (eight males and 
nine females) by their topical application and with UVA irradiation. 8-MOP was tested under | 
the same experimental conditions. 

Biopsies were taken 5 weeks later from the treated areas from six of the patients and processed 
for light microscopy. The patients gave their informed consent. They all had large plaque 
psoriasis for more than 1 year which was resistant to conventional treatment and to oral PUVA. 

In the treated patients, four areas of 4 cm? of affected skin were used. In area 1, an ethanol 
solution (0:1 g% w/v) of the methylangelicin under investigation was applied at a concentration 
of 5 ug/cm?, and left to dry. Forty-five minutes later the area was irradiated with high intensity 
UVA from a low-pressure mercury fluorescent lamp of the PUVA Waldmann Sylvania type. 
The irradiation doses were in the range 1:5-11 J/cm? and the initial dose was 1:5-2:5 J/cm? and 
was gradually increased to 5-11 J/cm’. In area 2, an ethanol solution (o'r g% w/v) of 
8-methoxypsoralen (8-MOP) was applied at a concentration of 5 ug/cm? and the area was 
irradiated similarly to the first area. The third area was treated in the same way as the first, but 
was not irradiated with UVA. The last area was irradiated like the first with the same dose of 
UVA light, but without any compound and only the solvent being applied. 


RESULTS 


Toxeaty ; 

Toxicity in terms of LD, was determined on mice for 6,4,4 -TMA only, because thi 

compound appeared to be the most active one and was also the only one available in sufficient 
quantities. When administered orally to mice, this drug showed acute toxicity (LD, = 2 g/kg), 
although much lower than that of 8-MOP when tested by oral administration (LD5)=0-75 
g/kg) and by i.p. injection (LD, =0:3 g/kg). 


In vivo inhibition of epidermal DNA synthesis with topical and oral administration 
The results of effects on epidermal DNA synthesis in mouse skin fn vtvo are shown in Table r. 
Data obtained with 8~MOP are reported for comparison. 
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TABLE t. Inkitition of epidermal DNA synthesis 

in mouse skin in vive by angelicin methylderiva- 

tives after topical application and oral administra- 

tion, followed by UVA irradiation ‘six animals 
were used for zach experiment) 








8-MOP GErO+ l 
6,4-DMA ay7Or ht 
6,4°-DMA 36-6 5-5-6 
6.454 -TMA 737235 677Ł%2 
645 - TMA 39-6 4-2 WOB+ Ss 








‘The most active compound appeared to be 544.6 TMA, which was able to induce a marked 
inhibition of epidermal DNA synthesis of 7 3“. and 67°,, when given topically and orally. 6,4- 
DMA also showed evident activity, while the effects of the other compounds were lower, 
although still evident. For some com pounds, marked differences were seen between the effects 
of topical and oral administration. These may be explained in terms cf pharmacokinetics, since 
different rates of absorption and/or excretion may occur with differemt routes of administration. 


Photomutagenicity 
The results obtained with 6,4°-DMA, 5,4,4 -TMA and 8-MOP on Escherichia celi WP2 uvrA 
are shown in Figure 2. Although the mecthylangelicins appeared to be much more cytotoxic than 
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FIGURE 2. Mutagenic activity (a) and surwival (b3in E. cof WP2 urd irradiated in presence of 6.4’-DMA 
(@) and 6,4,4 -TMA (a) with 8-MOP (O> as reference compound. Points represent mean values from 
three different experiments; SE fail in fal kowimg ranges: & 4-0-1§ revertants/10° survivors for mutagenesis 
and o-I~o-2 log units for survival, 
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8-MOP (Fig. 2b), the latter showed higher mutagenicity when mutant induction was considered 
as a function of the surviving fraction (Fig. 2a). 

Figure 3 shows the data obtained with Aspergillus mdulans. The methylangelicins seemed to 
be much leas active than 8-MOP in inducing both lethality and mutagenicity in this micro- 
organism. However, in Chinese hamster V79 cells both 6,4’-DMA and 6,4,4’-TMA, but 
especially the latter, induced a more pronounced lethal effect than 8-MOP. However, when the 
surviving fraction was plotted against the mutant number, the three compounds gave practically 
overlapping curves (Fig. 4). 


Clinical findings 
No improvement was observed in the area treated but not irradiated while only a slight 
improvement occurred in the areas irradiated but without treatment with the compounds. 
‘Table 2 shows the data for the areas treated with the four 6-methylangelicins and 8-MOP and 
with UYA irradiation. With 6,4,4’-TMA (patients 10-17) the clearance of the plaques was 
excellent in patients 10, 13, 14, 1§, 16 and 17, and good in patients 11 and 12 (Fig. §). Results 
using 8-MOP under the same conditions were good. The clearance using 6,4-DMA was 
excellent in patients 1, 2 and 4 and good in patient 3. In the case of 6,4’-D MA, improvement was 
excellent in patient 5 and good in 6. The corresponding effect induced by 8-MOP was good and 
only in patient 6 was it moderate. In the case of 6,4,5'-TMA, clearance was excellent in patient 9 
and good in patients 7 and 8, and with 8-MOP it was good in all patients. It appears that 6,4,4’- 
TMA was more active than 6,4-DMA and 6,4’-DMA which, in turn, was more effective than 
6,4,5 -TMA. However, all four 6-methylangelicins appeared to be more effective than 8-MOP. 
The 6-month follow-up of the 17 patients showed a slight tendency towards recurrence of the 
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FIGURE 3. Mutagenic activity (a) and survival (b) in Aspergillus midwlans conidia by UVA irradiation In 
presence of 6,4’°-DMA (@) and 6,44 -TMA (a) with 8-MOP (O) as reference compound. Pomts 
represent mean values from at least three independent experiments; SE fall in following ranges: 0 6-0 2 
mutants/10° survivors for mutagenesis and o 1~0 2 log units for survival. 
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FIGURE 4. Mutagenic activity (a} and survival (b) in Canese hamster V79 cells by UVA irradiation in 
presence of 6,4 -DMA (@) and 6.4,4°-"MA (ah with B-MOP (Oo as reference compound. Points 
represent mean values from at least three ndependent experiments; SE fall im Sollowing ranges: 06-18%% 
and o-42~20%;, of mean value for mutagenesis and surverai, respectively. 


treated lesions. In patients 1, 3 anc 11, the treatment with 8-MOP was discontinued after 4 or § 
applications because of blistering pho-otexic reactions. 


Histological findings 

The results are based on the treatmenz of six patients. Common findings in areas treated with 
8-MOP + UVA and 6,4,4 -TMA + UYA were: marked orthehyperkeratosis, mostly lamellar, 
keratotic plugs, hypergranulosis, end flattening of rete ridges. Biopsies from areas treated with 
8-MOP showed foci of parakeratcsis with neutrochils probably due to phototoxicity. 

There was no evidence of diserganizat:on cf the basal-cell layer and the keratinocytes were 
large with an increased amount of pigrmert. Dyskeratotic cells were-rarely found but especially 
so in the specimens treated with 8-MOP. The mitotic rate was normal. The melanocytes 
appeared to have increased in number. 


Skin phototoxicity and pigmentagetic activity 

Skin phototoxicity was evaluated on guinea-pig sken according to the method of Bordin et a/.!° 
In these conditions 6,4-DMA, 6.4 -DMA, 64,5 -TMA and 6,4-4 -TMA did not show any 
erythemogenic action even at high concentration of the drug (50 ug/cm?) and with a higher 
radiation dose (1:98 J/cm. However, 3-MOP induced strong erythema even when small 
amounts of the drug were applied to the skin (5 ug/cm*) using a smali dose (0-53 J/em?) of UVA. 
These observations were confirmed cn human sin and all the angelicins tested lacked skin 
photosensitizing activity. Only one patient treated with 6,4-D: MA showed slight erythema; and 
in the other 16 patients no skin phototoxicity was sbserved. However, pigmentation of the skin 
was noted in the areas treated with the four 6é-mechviangelicins. 
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DISCUSSION 


The four new 6-methylangelicins examined showed marked photosensitizing activity. They 
showed marked inhibition of epidermal DNA synthesis in the mouse, when given both topically 
and orally and the most active compound was 6,4,4 -TMA. 

In the photomutagenicity studies, 6,4 -DMA and 6,4,4’-TMA appeared to be less genotoxic 
than 8-MOP in E. coli WP2 uvrA and Aspergillus nidulans, while in Chinese hamster V79 cells, 
at the same survival level, they showed similar mutagenicity. However, it should be observed 
that the same lethal effect was obtained at lower UVA doses than with 8-MOP. 

Thus, these data, together with the results obtained from DNA synthesis studies, show that 
methylangelicins, and in particular 6,4,4’-T MA, are capable of inducing stronger antiprolifera- 
tive effects than 8-MOP. Although the pathogenesis of psoriasis is unknown it is a 
hyperproliferative disorder of the epidermis and a drug capable of inducing an antiproliferative 
effect may therefore be effective against psoriasis. 

The four new 6-methylangelicins examined, and in particular 6,4,4’-T MA, were effective in 
clearing psoriasis in 17 patients when applied topically and with UVA irradiation. These drugs 
appeared to be more active than 8-MOP. These compounds, particularly 6,4,4 -T MA, did not 
induce phototoxicity, thus allowing it to be topically applied and avoiding side-effects due to 
systemic administration. 

The mutagenic activity of 6,4,4’-T MA and 6,4 -DMA on mammalian cells is similar to that of 
8-MOP when tested at the same level of cytotoxicity. 6,4,4 -TMA may be used topically at very 
small doses and for brief periods, thus reducing the area of the skin involved and limiting the 
side-effects connected with systemic administration. 
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SUMMARY 


Topical tretinoin has been reported as having anti-aging effects on photodamaged skin. The 
purpose of this study was to evaluate tretinoin-induced changes in the mechanical properties of 
the skin of 18 patients (aged 39+8 years) after 4 months of treatment with topical 0-05% 
tretinoin on one forearm and a placebo base cream on the other. The biomechanical skin 
parameters investigated were elasticity, extensibility and hysteresis and data were normalized 
for skin thickness. A slight but non-significant increase of skin elasticity was detected in the 
tretinoin-treated sites using low-stressing forces (1-2 x 10 Nm~?) and at higher loads (3-8 x 10* 
Nm_~7?), the increase in skin elasticity was significant (P < 0-01). This improved skin elasticity 
was dependent on the increased collagen resulting from topical tretinoin and the replacement of 
elastotic material. However, topical tretinoin treatment did not improve the responses mediated 
by elastic fibres. 


‘Topical tretinoin has been used for many years in the treatment of acne and hyperkeratotic skin 
conditions. Although its mechanism of action has not been completely understood, many effects 
of retinoids on epithelial differentiation and proliferation have been reported both tn vitro and m 
vivo.' Recently, topical retinoic acid was reported as having anti-aging effects on photodamaged 
skin.? When 0-05 % tretinoin was compared with its vehicle, the changes in the tretinoin-treated 
areas consisted of epidermal hyperplasia with elimination of dysplasia and atypia, removal of 
actinic keratoses, a more uniform distribution of pigment and new collagen formation in the 
papillary dermis. Non-invasive bioengineering techniques used in the same study showed an 
increased blood flow and transepidermal water loss. 

The investigation of the biomechanical properties of the skin allows a rapid and non-invasive 
way of studying the structural and chernical organisation of skin layers. Age-related changes in 
skin constituents induce modifications of its mechanical parameters. There is general agreement 
that skin elasticity decreases with age. A study of skin biomechanics and Young’s modulus using 
a torque method reported decreased elasticity after the age of 30, associated with an increase in 
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the viscoelastic properties, and that Young’s moduius deubies with age. >t A progressive loss of 
elastic recovery with aging was reported which could oe explained by a degenerative change in 
the elastin network of the dermis. ` 

In this article the effects of topical tretinom treatment or skim mechanical properties are 
studied by means of a non-invasive, n vivc technique, monitoring several bromechanical 
parameters of the skin. These studies were carried eut todletermuine the changes in the elastic and 
collagen components of the dermis following trearrnent with this retinoid. 





Eighteen Caucasian subjects (aged 39 + 8 years) were included in the study. Informed consent 
was obtained and over a period cf 4 months the lef forearm was treated daily with topical 
tretinoin o-05“,, and a similar area om the rezht forearm with a placebo cream. The 








Technology, Hadsund, Denmark). The probe wax applied te the skin surface using a double- 
adhesive tape ring which contained a 1-cm diameter cup where the vacuum was applied. 
Measurements were carried out om the flexor aspec of the extended forearm using two different 
vacuum forces (100 mbars and 300 mbars, 1-2 « re* Wm” ^ and 38 x 107 Nm~? respectively). 
The ambient temperature and relative humidity were kept constant. The subjects rested for 30 
min prior to these procedures. Fer cach measurement, the skin underwent five stress/strain 
cycles each lasting 5 s. The parameters investigated were skin extensibility, elasticity and 
hysteresis. 

When a force is applied at the surface of the skirmthe-e isan immediate displacement followed 
by a delayed phase (OL, IE, Fig. 13. When the stimulus is ciscontinued, the skin tends to return 
to its initial position. After a few cycles the skin exeenability increases and the skin takes longer 
to return to the original position. Im the present study, nysteresis is measured as the difference in 
maximum extensibility between the fifth and the first cycle: resilrent distension is the skin’s 
residual deformation measured at the last cycle. Slasticity was computed from the following 
formula: (Extensibility — resilient distens:on) x» 1@0/extemsib:ity. Extensibility and hysteresis 
were expressed in mm, elasticity as a percentage. 


Skin deformation 
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FIGURE 1. Skin deformation in relation te time, OF, kemediate distension; IE, delayed distension; OR, 
resilient distension; EH, hysteresis. 
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TABLE I. Skin thickness after treatment 
with tretinoin for 4 months. There are 
no significant differences 


Treated Placebo 


Average 0-88 O 92 
Standard deviation +013 +022 


ł 


TABLE 2 No significant differences were detected 
after treatment with tretinom when applying low 
loads 


Biomechanical parameters at 
100 mbars (Average + SD) 


Treated Placebo P 


Extensibility 1644035 1574032 NS 
Elasucity 63 IŁ I9 60 4 + I4 NS 
Hysteresis 029Ł015 023013 NS 


TABLE 3. With higher loads a signyficant increase in 
akin elasucity was detected after tretinom treatment 
(See also Figure 2) 


Biomechanical parameters at 
300 mbars (Average + SD) 


Treated Placebo P 


ExrtensibiLty 2064035 205+05 NS 
Hlasticity 660+ 12 58-9413 <0 OI 
Hysteresis 0324012 o26+008 NS 


Statistical analysis of the data was performed by means of Student’s t-test for paired data 
(two-tail). 


RESULTS 


No differences in skin thickness were detected between the tretinoin and placebo-treated sites 
(Table r). When using lower loads, no significant differences in the biochemical parameters of 
the skin were found (Table 2). Extensibility and hysteresis increased respectively from 1°57 to 
1°64 and from 0:23 to 0-29 mm (95% confidence intervals of the difference between — 0-05 and 
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FIGURE 2. Skin elasticity at 300 mibars (¢8 10 Nm” ` comparison between placebo-treated (placebo) 
and tretinoin-treated (treated) sites. The increase in skin elasticity on treated sites is significant (paired 
test 3:29, P< 0-01). W, tretinoin-treated sker ©. Qlace bo-treated shin. 


0'19 and between — 0-02 and 0-14, respectively). elasticity increased from 60-4 to 63°1 (95°; 
confidence intervals of the difference between — < 6and 11-5). 
At higher loads (Table 3), a significamt increase in skin elasticity was detected (P< 0o01). 


(Fig. 2) (95% confidence intervals cf the difference between 2-55 and 11-6). Extensibility was 
unchanged, and hysteresis was slightly increased from 0-26 to 0-32 in the tretinoin-treated site 
(confidence intervals between — 0-14 and 0-14, aed between ~o-ort and Ol, respectively). 


DISCUSS ON 


In this study topical treatment with tretinoin inflvenced skin elasticity, but not extensibility or 
hysteresis. Decreasing elasticity has been reperted gs the maior mechanical parameter 
characterizing skin ageing.” 5 Elasticity imcreased significantly (P < ©-O1) after 4 months of daily 
treatment with 0-05, topical tretinoin when comoared withthe placebo-treated site and when 
higher loads were used. No differences between the rwo sites were detected using lower forces. 
Low vacuum forces induce responses mainly by the upper dermis and elastic fibres;>~° in this 
phase, elastic fibres determine skin deformation and collagen Sbres.are realigned in the direction 
of the force without bearing the load. In an investezation of cutis laxa, a disease involving elastic 
fibres, changes in mechanical properties were found at a low stress with no tendency of the skin 
to return to its original shape. At a higher stress, the collagen bundles were involved and the 
mechanical properties became almest nerma!.'” Thus, in this study the significant increase in 
skin elasticity after tretinoin treatment at high bust not low loads implies an effect ef tretinoin on 
the collagen network. 

Elasticity, expressed as a percentage, is the time-cdependen: retura to the initial position of the 
skin after deformation and takes into account born extensibility and resilient distension. Since 
extensibility did not show any significant changes, it is resilient distension (Fig. 1) of the skin 
that is the parameter which determines the increase in skin elasticity. This is due to an increase 
in newly formed collagen in the dermis, with mmaprovemert of dermal architecture and skin 
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firmness. Indeed, several effects of this molecule on collagen metabolism and biosynthesis have 
been reported. Increased numbers of hyperactive fibroblasts with the formation of new collagen 
were found in hairless mice treated for 3 months with retinoic acid and there was replacement of 
elastotic material in the dermis.) These findings were confirmed in the guinea-pig.’* Other 
effects include increased wound healing,!* increased epidermal turnover and vascularization.” 
The increase in collagen in the dermis after treatment could be due to more synthesis or a 
decreased catabolism. Higher levels of hydroxyproline have been noted indicating more 
synthesis of collagen in granulation tissue,'* and an inhibition of collagenase has been found 
with retinoic acid in fibroblast cultures.'° 

In this study, apart from elasticity, no other changes in mechanical parameters were detected. 
Extensibility has been reported to change with age but only after the seventh decade,*''® 
whereas the average age in our subjects was 39 years. Although an increase in dermal 
glycosaminoglycans was reported during treatment with retinoic acid in guinea-pigs,'* no 
changes were recorded in the values of hysteresis, a parameter mostly dependent on the 
viscoelastic properties of the dermis and related to ground substance and glycosaminoglycan 
content. 
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SUMMARY 


We have studied 116 patients in the West of Scotland receiving isotretinoin for acne vulgaris at a 
dose of 1 mg/kg per day. No clinical evidence of adverse effects resulting from lipid elevations 
were seen in the short term. Cholesterol levels rose during the first 6 weeks of therapy, and 
thereafter stabilized, but triglyceride levels rose after 6 weeks therapy and continued to rise 
while therapy continued. Pretreatment levels of neither lipid was predictive of the level of 
elevation observed while on therapy. No other predictors of lipid elevation such as age or sex 
were identified in this-study, which is the largest reported of patients receiving the standard 
recommended dose of isotretinoin. 


The effect of oral isotretinoin on serum lipids is a source of concern. Several studies have found 
significant elevations in serum triglyceride and cholesterol concentrations during therapy.’ 
However, the number of patients recruited in these studies have generally been small and the 
therapeutic regimes have varied, so that predictors for serious elevations in lipid values have not 
yet been established. 

In the West of Scotland high levels of serum lipids in the population and a high incidence of 
cardiovascular disease are well recognized, and the consequences of isotretinoin therapy could 
be of greater importance to Scottish patients. We have therefore reviewed 116 patients with acne 
vulgaris given the standard regime of 1 mg isotretinoin per kg per day.’ The overall increases in 
serum lipids were determined and predictors of high risk were sought. 


METHODS 
We studied 116 patients with severe nodulocystic acne treated during a 2-year period. There 
were 76 males and 40 females aged 15-49 years (mean 24 years). Each patient received I mg 
isotretinoin per kg per day (Roaccutane, Roche Laboratories) for periods from 4 to 26 weeks. 
Forty-six patients were treated for exactly 16 weeks. 


Correspondence: Professor Rana M.MacKie. 
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Prior to starting therapy, 10 ml of venous blood were taken after a 14-h fast and analysed by 
COBAS Bro Centrifugal analyser (Rache Diagnostic). Further samples were taken at varying 
intervals throughout the course cf trestment: 56 patients had samples taken between 2 and 6 
weeks after the start of treatment, 65 patients between 6 and 10 weeks; 40 patients between 10 
and 14 weeks; and 36 patients beyond 14 weeks. 

The normal range for the West of Scotland population is 3-1-6-4 mmol/l for cholesterol and 
iess than 2-1 mmol/l for triglyceride. The treated group was a representative sample of this 
population with a pretreatment cholesterol mean of 4°92 +2-4 mmol/l and pretreatment 
triglyceride mean of 0-95 + 0-96 mmal. 

Statistics were performed on sn IBM compucer with the MINITAB program. To establish 
whether absolute increases (in mw /1) o relative incresses (as percertages of pretreatment levels) 
in lipid levels were more appropriate, we plotte: the absolute imcrease against pretreatment 
levels for each patient. There was no correlation between these, anc all results are presented in 
terms of absolute increases. 








RESUL.S 


Overall increases in serum lipids and imfluznce of duration of therapy 

There were statistically significant increases in serum lipids throughout the course of therapy 
(Table 1), the greater part of these increases occurring within the first 6 weeks of treatment. 
Table 1 also shows lipid levels in subsequent moaths compared with those in the first 6 weeks. 
For the population as a whole there was no further significant elevation in mean levels after 6 
weeks. However, individual patients might have sad clinically relevant lipid elevation at a later 
stage, and Figures 1 and 2 include all patients whe had cholesterober triglyceride levels greater 
than 2 standard deviations (SD) above the mean acany time during:therapy, and fer whom more 


TABLE 1. Changes in serum lipids during therapy, and comparison of levels ir subsequent weeks with dose after 
2-6 weeks of cowatment 


erence nein titres 


Cholesterol Triglyceride 
Cholesterc! Triglyceride minus minus 
Minus prefreanmrierI mer Dretreatment cholesterol triglyceride 
cholesterct triglyceride at 2-6 weeks at 2-6 weeks 
(mean + SPF: amean + SD} (mean + SD) (mean + SD) 
Smraoi, D iramot D (mmol/l) (mmol /B 
2~6 weeks of treatment Er +O se a3 +060 oo =< 
6-10 weeks of treatment o-§2-4063 ast oéa 0:02 +0°49 006 + 0-42 
10-14 weeks of treatment OTt OQ O62 + TOO 0-08 + 0-84 O35 11:27 
> 14 weeks of treatment O40 + oR œs t rz ~O37+1-2 ~O 2840-94 
Maximum at any time of 
treatment DFI LOT? OG + E21 _ — 
Poos Poor 
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FIGURE 1. Serial serum cholesterol in those patients with cholesterol at any time »6 5 mmol/l, 
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FIGURE 2. Serial serum triglyceride in those patients with triglyceride at any time »2 1 mmol/L 
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than one result during therapy was available. With cholesterol (Fig. 1), very few abnormal 
values were preceded by normal results in the first 6 weeks. This does not apply to triglyceride 
values where an upward trend was seen at this time (Fig. 2). The patient showing a dramatic rise 
of triglyceride had isotretinoin withdrawn and his triglycerides returned to the normal range 
within 4 weeks. No adverse clinical events occurred. 

In Table 2 a group of patients treated for exactly 16 weeks is compared with those treated for 
longer than 16 weeks. The maximum cholesterol elevation was the same in both groups, but in 
the patients treated for a longer period there was a higher etvanon of triglyceride which 
approached statistical significance. 


Influence of age and sex on serum lipids increases 
There was no relationship between maximum elevations of lipids and the age or sex of the 
patients (Table 2). 


Patients with lipid concentrations of possible clinical sigmficance 

The literature suggests that there is a linear relationship between serum cholesterol levels and 
long-term cardiovascular complications,® but short-term complications of hypertriglyceridae- 
mia have rarely been seen as a result of therapy with isotretinoin.” t° There are no guidelines for 
the level of cholesterol or triglyceride at which a review of retinoid dosage should be made. We 
therefore chose the upper limit of the normal range (2 SD) as an arbitrary level for concern, and 
analysed the demography and changes in serum levels for any patients with higher than normal 
values before or during therapy. 

The results for these patients are summarized in Tables 3 and 4. Elevated pretreatment levels 
did not predict unusually high absolute elevations in lipid values during therapy. There was no 
trend in age or sex distribution or duration of therapy amongst patients who developed 
abnormal lipid levels during therapy (Table 3). There was no evidence of a relationship between 
abnormal cholesterol levels and abnormal triglyceride levels either before or during treatment 


TABLE 3. Demography of petients attaining lipid levels during therapy which exceed the normal range (to 2 SD) 


Sex Duradon of 
a Age (years) treatment No of 
Male Female mean + SD (weeks) Patients 
Maximum cholesterol >65 ` II 6 28 j3i101 13758 17 
level during therapy 
(mmol/l) <65 64 34 23 6+ 6-4 17 0+ 43 99 
Maxnnur triglyceride m2 16 5 28 IŁIII 175Ł60 2I 
level durıng therapy 
(mmol/l) <7I 60 35 235158 1632443 95 
y’, not significant. 


Student t-tests not significant. 
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(Table 4). None of our patients developed clinical prcblems attributable to lipid elevation 
during isotretinoin therapy. 


DISCUSIION 


This study concerns the largest number of patients yet reported receiving the current 
recommended dose of isotretinoin for acne. The findings of increases in serum cholesterol and 
triglyceride levels are well established. '~° The resalrs of this study concur with previous studies 
which document maximum mear: increases of trigivceride from 4-8 mmol/l? to r 3 mmol/l? and 
of cholesterol from 0-6 mmol/!* to ro mmol/!.3 The increase in triglyceride was reported to be 
dose dependent,* in the range ¢-25-1-o m g/kg per day but cholesterol levels were not quoted in 
this study. Dosage of isotretinoin and duration of therapy have varied in previous studies. Most 
concerned fewer than 20 subjects6>>° and where larger numbers were included they were 
divided into different dosage groups of 21 patierss.* For example, Vahlquist er al.’ treated 12 
patients for 8 weeks with 40 mg daily while Zech’ treated 2c men for 4 months with o-5 mg/kg 
per day. The only similar study with a large number of patients on a standard dosage, is that of 
Bershad et al.” who studied 60 patients receiving 1 mg/k per day fer 20 weeks. Our results are 
similar in confirming only modest elevations in ‘ pids, contrary te earlier reports.'!! 

Bershad et al.’ demonstrated a greater increase in triglycerides during the first month of 
therapy in men compared with women. In contrast. it was found that there was no difference 
between the sexes in maximum incrzases in lipids or in the petients who developed levels higher 
than the normal range. Increases in cholesterol tcak place within the first 6 weeks and thereafter 
there was no progressive elevation. There was ne-apparent relationship between the duration of 
therapy and the maximum elevation in cholesterol and the level of cholesterol measured at 6 
weeks appears to be a good predictor of subsequer:t unusually high levels (Fig. 1). There was no 
evidence that patients with unusually high levels of cholesterol had received longer courses of 
treatment. 

While Table 1 does not show progressive elevetion of trigiycerkies, Table 2 suggests that the 
maximum increase in triglyceride may be dependent on duration of therapy, although this did 
not reach statistical significance. The level of triglyceride at 6 weeks was a pocr predictor of 
unusually high levels of triglyceride in subsequer: months (Pig 2), and re-examining the data of 
Bershad ez al.* and Zech et al.' shows that while che cholesterol elevations were well established 
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within the first 6 weeks, those of triglyceride occurred later, and in a more progressive manner. 

It remains to be established whether the degree of elevation of cholesterol associated with 
retinoid therapy is of any clinical significance, particularly as it returns to normal when 
treatment is discontinued.!? However, episodes of acute complications of hypertriglyceridae- 
mia have occurred.?!° The first report concerned a patient treated for Darier’s disease, but the 
second was a young woman treated for acne for only 7 weeks, and at a normal dose of I mg/kg. 

No identifiable risk factors were found for lipid elevation such as age or sex, nor that 
pretreatment levels predict a risk of extreme elevation in serum lipids. Levels of triglyceride and 
cholesterol should be measured before and within 6 weeks of retinoid therapy. If no dramatic 
increase in cholesterol is observed then, this assay need not be repeated. However, with 
triglyceride there is the possibility of a continuing increase in serum levels, and immediate 
complications may be more threatening than for cholesterol. Monthly measurement of 
triglyceride levels is therefore advised. Currently being studied is the value of an instant lipid 
analyser, as results available within 10 min of venepuncture offer the opportunity for instant 
dietary advice and alteration in dosage, thus reducing the number of hospital visits required for a 
course of standard therapy. 
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SUMMARY 


The effect of BN 52021, a selective platelet activating factor (PAF) antagonist was studied on 
dithranol-induced irritant dermatitis. Pretreatment of the skin with o-45% BN 52021 ointment 
significantly suppressed the decrease in capillary resistance, rise in skin temperature and 
increase in skin~fold thickness produced by dithranol. 


Dithranol is highly effective in the treatment of psoriasis, but its use has been limited by its 
irritancy. It is difficult to reduce the irritant effect with the commonly used anti-inflammatory 
agents, !-° and although several studies suggest that free radicals are involved,*~* the mechanism 
of the irritancy is still not fully understood. 

Dithranol-induced dermatitis is characterized by an increased vascular permeability, plasma 
protein exudation and the immigration of inflammatory cells into the skin.®’ All these can be 
produced by the potent, pro-inflammatory phospholipid, platelet activating factor (PAF).® 
Recently, indirect evidence of the involvement of PAF in dithranol dermatitis in mice was found 
through the use of a highly specific PAF antagonist, BN 52021.° This ginkgolide B compound 
has been shown to antagonize many, if not all of the biological activities induced by PAF.'° 

In this study the effect of locally applied BN 52021 ointment was tested on dithranol-induced 
dermatitis in healthy individuals. The extent of the inflammation was determined by a decrease 
in skin capillary resistance (CR), a rise in skin temperature and an increase in skin-fold thickness 
produced by the dithranol. 


METHODS 


Ethical Committee approval and informed consent was obtained and 33 healthy volunteers (19 
males and 14 females; age range 21-45 years, mean age 35°5 years) were included in the study. 
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The subjects had skin types II-I H, and had not been on any treatment during the previous 3 
months. 


Changes in skin capillary resistance induced by dithvanol, and ihe effects of BN 52021 
Dithranol inflammation was induced on the scapular regions of the back of seven healthy 
individuals, as described previously. t Briefly, o-80 g of 00-25%, dithranol (Bayer AG, 
Leverkusen, F.R.G.) in an emulsifying ointment-aad containing 3%, salicyclic acid was applied 
to a 100 cm? area of the clinically normal skin of the back for 1 h. The dithranol cintment was 
always freshly prepared. The right side was pretresed with 0.45% BN §2021 ointment (Institut 
Henri Beaufour, Le Plessis Robinson, France) 6 h crror to the elicitation of the dermatitis, while 
the left scapular region was pretreated with the cinamment base. 

The capillary resistance (CR) in the dithrano!-treated areas was measured with a Parrot 
angiosterrometer befcre and at different times after the challenge with the drug. The CR was 
designated as the minimum suction valve (expressed in mmHg) at which the first petechia 
appeared after application of the suction cup (2 cm diameter) for r min.'? 


Changes in skin temperature and skin-fold thickness induced by dithranol, and the effects of BN 
52021 

Inflammation was induced on the <linically normal volar forearm skin of 26 healthy volunteers, 
as previously described.’ Briefly, 19, 20, 40, 80 or #60 ug dithranol dissolved in 10 jl chloroform 
was applied to the skin inside a plastic well 15 mmr in diameter and the chloroform allowed to 
evaporate off. The test sites were marked and left uncovered without washing for at least 12 h. 
The right forearm was treated with 0-45 BN 52023 ointment 2, 6 cr 12 h prior to, immediately 
after or 18 h after the elicitation of the dermatitis, and a cerresponding contro! site on the 
opposite arm was treated with the ointment base. 

The inflammatory reaction to dithrano! was chacacterized by the rise in skin temperature’ * 
and the increase in skin-fold thickness.'* Skin termperature measurements were made with a 
contact thermometer 48 h after the elicitation of the dermatitis. Three readings were made at 
each test site, one at the centre of the inflamed area and two others 2 cm lateral to the dithranol 
staining. The difference between the reading at the centre of the test site and the average of the 
control readings was taken as the rse in skin temperature. At each test site, the skin-fold 
thickness was measured with Harpenden skin calicers immediately before and 48 h after the 
elicitation of the dermatitis. 


Statistical analysis 
The results were analysed by paired Stadent’s t-test or by analysis of variance. 


RESULT. 


Effects of BN 52021 ointment on the dithranol-induced decrease in capillary resistance 
Dithranol caused a significant decrease in the C in the control case-pretreated skin. This 
decrease reached its maximum during the firs hour and was then reversed (Fig. 1). 
Pretreatment of the skin with 0:45", BN §2021 ointment € h before elicitation of the dermatitis 
significantly moderated the CR-lowering 2ffect of dithranol. six hours after the challenge, the 
CR had already returned to the normal ievel in the BN 52021-pretreated skin, whereas the CR 
became normal only 12 h after ditaranc] treatment on the omtmer base-pretreated side. 
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FIGURE 1. Effects of a 6-h pretreatment with 045% BN 52021 omtment (@) or with tbe ointment base (O) 
on the 0°25% dithranol-induced decrease m capillary resistance measured before and at different times 
after the challenge. * m P < 0-05, ** = P <o o1 (Student’s paired t-test). Figures show means + SD (a= 7). 
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FIGURE 2. Effects of a 6-h pretreatment with o 45% BN 52021 ointment (@) or with the ointment base (0) 
on the dithranol-induced rise m akin temperature (a) and increase in skin-fold thickness (b) measured 48 h 
after the challenge. Comparison of the full dose-response curve by analysis of variance, P <o 05. Figures 
show means + SD (a= 10), 
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Effects of BN 52021 ointment on the dithranol-induesd mse ta skim temferature and increase in skin- 


Dithranol caused a consistent and signitican: dese-dependent rise in skin temperature and 
increase in skin-fold thickness. Pretreatment of the skin with o-4¢%, BN 52021 ointment 6h 
prior to the challenge significantly inhibited both tre rise in skin temperature and the increase in 
skin-fold thickness induced by ic, 29, 4c and 80 g dithrane! (Fig. 2). 

BN 52021 ointment had a small, bet significam: effect on the dermatitis whem applied 2 h 
before dethranol treatment. The effect was greater when it was used 6 or 12 h prior to the 
challenge (Fig. 3), with no significant dif 





ference herween these two pretreatment times. 


Effects of BN 52021 ointment on the dithranol-induced rise ta skin tem®erature and increase in skin- 
fold thickness when applied after the challenge 

BN 52021 ointment slightly reduced the dermatitis when app ied jurt after dithranol treatment, 
and had no effect when applied t4 h after the challenge (Fig. 4). 


DISCUSSION 


Pretreatment of the skin with EN <2021 ointment 6 h befcre incuction of inflammation by 
dithranol significantly suppressed the decrease in “he CR, the rise m skin temperature and the 
increase in skin-fold thickness. The inhibitory effect-of the drug was less pronounced but still 
significant when it was applied 2 h before or immeciately efter the challenge, but it had no effect 
on inflammation when applied 1% h after the ditsranol treatment from the time of onset of 
erythema. 
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FIGURE 3. Effects of 0o45% BN $2021 olatment i @®) orhe ointment base (O)..applied 2, 6 or 12.h prior to 
the challenge, on the 100 ug dwhrancl-induced mse mz skin temperature (= and increase in skin-fold 
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FIGURE 4. Effects of o 45% BN 52021 omtmentr (@) or the ointment base (O) applied immediately (A) or 
18 h after (B) the application of dithranol, on the 100 ug dithranol-induced rise in skin temperature (a) and 
ticrease in skin-fold thickness (b). 0, without treatment. * = P <0 05; NS, not significant (Student’s 
paired t-test). Figures show means + SD (#— 8). 


BN -§2021 is a highly effective PAF antagonist, which has been reported to selectively 
anatagonize many PAF activities both im vivo and m vitro.!? Dithranol-induced dermatitis is 
thought to be due to tissue oedema and the immigration of inflammatory cells into the skin.’ 
Intradermal injection of PAF induces microvascular leakage and accumulation of inflammatory 
cells in human skin.!* Since the PAF antagonist BN 52021 moderated the dithranol dermatitis, 
we conclude that PAF is involved in dithranol irritancy in humans. 

The minor effect of BN 52021 when applied 2 h before treatment with dithranol may be due to 
incomplete penetration into the skin. Since the decrease in CR reached its maximum I h after 
elicitation of the dermatitis, and pretreatment of the skin with BN 52021 ointment suppressed 
this effect, we suggest that PAF is involved in the early stage of this dermatitis. The BN 52021 
ointment had no effect on the dithranol-induced rise in skin temperature and increase in skin- 
fold thickness when applied 18 h after the challenge, and its inhibitory effects was less marked 
when it was applied immediately after dithranol treatment. 

Recently, indirect evidence was provided of the involvement of PAF in dithranol? and croton 
oil-induced irritant dermatitis and in allergic contact dermatitis’® in mice. The source of PAF in 
these inflammatory skin conditions has not yet been clarified. It was found that murine 
epidermal cells show an indomethacin-insensitive platelet-aggregating activity after calcium 
ionophore A 23187 stimulation.!’ Apart from epidermal cells, a wide range of cells of different 
lineages have been reported to be capable of producing PAF im vitro when they are stimulated 
under various conditions.'® This has been shown to occur in the inflammation of the skin of 
guinea-pigs irradiated with UV light.!9 

Many different mediators, such as free radicals,* histamine’! and prostaglandins,'* have 
previously been suggested as playing a role in dithranol-induced irritancy in humans. This 
study provides indirect evidence of the involvement of PAF, a highly potent pro-inflammatory 
mediator in the development of the dermatitis. 
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SUMMARY 


A double-blind, randomized, cross-over study was carried out on the effect of a sedative and a 
non-sedative antihistamine on 25 adults with atopic dermatitis. Intensity of itch was recorded 
using a computerized method for self-assessment (Pain-’Track®) and using conventional visual 
analogue scales. The antipruritic effect of 3 days of treatment with the non-sedative H, 
antagonist terfenadine (60 mg b.i.d.) and with the sedative antihistamine, clemastine (2 mg 
b.i.d.) did not differ from that found with the placebo. Our findings support the view that 
histamine is not of importance in the pathogenesis of itch in atopic dermatitis. 


Although itching is a major feature in atopic dermatitis (AD),' its pathogenesis remains 
unknown. The traditional H,-receptor antagonists are widely prescribed as antipruritics in 
various non-wealing dermatoses, including eczema. In an open trial of 23 patients with 
‘“eczematous dermatosis’ or psoriasis it was concluded that the antipruritic effect of antihista- 
mines was due to a central, sedative-related effect and not to peripheral H, antagonism.? In a 
placebo-controlled cross-over study of 10 adults with chronic AD, a new potent non-~-sedative 
H, antagonist LN 2974 failed to reduce itching and scratching.? However, an antipruritic effect 
was found after 10 days’ treatment with either acrivastine or terfenadine, non~sedative 
antihistamines, when compared with placebo in a double-blind, but parallel, study in 44 adults 
with AD.* Thus, contradictory results have been reported concerning the antiprunitic effect of 
non-sedative antihistamines. 

The aim of this study was to use one of the new non-sedative antihistamines to determine the 
role of histamine in the pathogenesis of pruritus in AD. The effects of the non-sedative 
H,-receptor antagonist terfenadine were compared with those of the sedative antihistamine 
clemastine and placebo. 


Correspondence’ Dr C-F.Wahlgren, Department of Dermatology, Karolinska sjukhuset, S-ro4 01 Stockholm, 
Sweden. 
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Subjects 
Twenty-five adults (nine males and 15 females: mecian age 24 years, age range 17-42 years) with 
persistent AD according to the criteria of Harifin and Raika” participated in the study, having 
given informed consent. At the initial clinical examination they were asked about their 
symptoms. All had chronic pruritus for at least the previous year, and had attended our 
department over the previous 6 montas. Patient: with AD limited to the face or hands were 
excluded. Other exclusion criteria were -he takimg cf amy drug, pregnancy or lactation, skin 
infections, and the presence of urticaria or other sì 





mon diseases. The study was performed by the 


same investigators in the period December-M arch, and was approved by our Ethics 
Committee. 








Experimental design 

The course of treatment was terfeaadine 90 mg b.ad., clemastine 2 mg b.i.d. and placebo each 
for 3 days and with intervening washcuc periods of 4 days and according to a randomized, 
double-blind, ‘double-dummy’. cross-over protoce]. Thus, each patient received three courses 
in random order: (i) terfenadine active + clemastime placebo, iD terfenadine placebo + clemas- 
tine active and (iii) terfenadine placebo + demastine placebo. The su bjects were not allowed any 
other oral medication or alcohe!, and were imstrcted net to apply any topical corticosteroid 
more potent than 1°, hydrocortisone in the week before and during the whole study. None of 
the patients had ultraviolet light therapy during the previous momth. The use ef emollients, 
however, was permitted, On days without oral treasment, a hydrocortisone cream was permitted 
and the amount used was determined. Or the third dav of each course of medication, tests for 
histamine-induced skin flare and itch reactions were performed, 


Experimental flare and itch 

An experimental flare and itch wes induced 5-72 h after the ingestion of the morning tablet. 
Histamine solution (0-01 ml) (100 ag/ml) end arsirvdlar amount of buffered saline as control were 
injected intradermally in duplicate on the outer aspect of the upper arm. The injection sites were 
gradually changed to avoid tachyphylaxis to histansine.* The fare reaction 5 min after injection 
was outlined and traced onto clear plastic film anrd the area measured planimetrically (mm?). 
The intensity of the histamine-induced itch was recorded over a period of 1s min by the 
subjects, using an indicator sliding along a 100-nire visual ar aogue scale (VAS). One end of the 
scale represented ‘no itch’ and the otter ‘maximal itch’. The indicator was attached to a 
potentiometer connected to a plorter cut of sight of the patient. The recordings allowed the 
calculation of itch duration (ID, S), peak value of isch : Imax, c-100 mm) and a ‘total itch index’ 
(Tii = area under the curve, mm”: as described elsewhere ê 





Clinical itch and sedation 

On the last day of each treatment period the patents rated the total intensity of itch and sedation 
for that time using too-mm VAS on sheets ef paper. The results were collected before the 
experimental skin test and sealed immediately. During the 24 h before and in the period of 17 
days of the study the itch intensity was mronitered continuously using the Pain-Track® 
computerized method.’ 
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Patn-Track® 

Pain-Track® (Autenta AB, Uppin Sweden) is a system for the self-recording of subjective 
symptoms.’ It consists of portable data-loggers for patients’ use, a terminal unit and a software 
package for storage, analysis and presentation of data. The logger has a switch for indicating 
awake/asleep, a button for marking the patient’s presence, and a knob for rating itch intensity on 
a fixed-point non-verbal scale (FPNVS) from o (‘no itch’) to 6 (‘maximal itch’), When the switch 
is in the ‘awake’ position a buzz every 60 min requests the subject to press the marker button and 
to rate the intensity of pruritus at that moment. The knob can also be turned at any time, and 
during the night the switch is turned to the ‘sleep’ position to cut out the hourly buzz. The 
setting of the controls is recorded by-the computer at sampling intervals of 10 min. Compliance 
is calculated as the percentage of the patient’s responses to the buzzer. All days with a 
compliance of less than 70% were excluded. The results from days 2 to 3 were used, as a pilot 
study showed that a steady-state for the inhibition of histamine-induced skin flare had been 
reached during these days. The ‘itch variables’ analysed were the median and average itch 
intensity based on samples every ro min and the percentage of time awake without itch. The 
‘itch profile’ was based on samples every hour. 


Statistical analysts 
For the experimental skin test results the non-parametric Wilcoxon signed-rank test was used, 
as normal distribution of these data was considered doubtful. For clinical itch, sedation and 
hydrocortisone consumption, analysis of variance was used, as the assumptions of interval—scale 
basis and normal distribution were considered reasonable for these variables. Paired follow-up 
analyses were performed using the standard t-test as the number of comparisons was small. As a 
check on the assumptions, non-parametric tests were also performed. The test used was one 
based on m-rankings with Wilcoxon scores, applicable to unbalanced factorial designs, which in 
balanced situations reduces to the Friedman non-parametric test. A test was carried out on the 
‘itch profile’ using an analysis of variance model with the factors treatment, time and subject. 
The pattern of itch within the day was further analysed using an orthogonal polynomial 
decomposition. 

RESULTS 
Data from introductory patient tnterviews 
In 13/25 patients (52%) the AD started before 1 year of age (range 6 weeks to 37 years). The 
median duration of eczema with itching was 20 years (range 2-39 years). The majority, 20/25 
(80%), also bad a history of asthma/hay fever, but no one was on any treatment for these 
conditions. In 21/25 (84%), the most pruritic period was generally in the evenings or at night 
and only 3/25 (12%) reported the worst itching in the morning. Itch disturbed the sleep of 22/25 
(88%) in the last 3 months. Eighty per cent (20/25) had tried one or more types of antihistamine, 


often clemastine, hydroxyzine and levomepromazine. Of these, 9/20 (45%) had a moderate or 
good effect. 


Compliance 

All patients completed the study and none were excluded because of an acute exacerbation or an 
intercurrent skin infection. One patient could not attend for one of her experimental skin tests 
and in another case, a 7 days’ Pain-T rack recording was lost, because of a defective battery. In 
total, 443 days and nights were recorded with the Pain-Track system. The subjects’ average 
compliance was 92:2 + 5:4% (range 82-99%). Nine patients had one or more days with a 
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compliance less than 70%, meamiag that a total of 13/442 days (3:89) had to be excluded. A 





Experimental flare and itch 

Both terfenadine and clemastine reduced Listamine-imcuced flare and itch significantly 
(P<0o-001) compared with placebo “Fig. 1). Ter¢enadine inhibited all itch variables signifi- 
cantly more than did clemastine (P <05), but tæ fare reactions did not differ significantly 
between the drugs (P = 0-07). 











Clinical itch and sedation 

The results of non-parametric analysis based on medians, and parametric analysis based on 
average values from days 2-3, were sirmlar. No significant difference in itch intensity between 
the three treatment periods was detected with Pain- Track (Fig. 2a), aor was there any difference 
in time awake without pruritus. Ne sign ficant chamges in itch magrmitude appeared during each 
period (days 0-3). Eleven of 25 patents (44%) never changed the itch intensity knob during the 
second or third nights of the therapies, whereas tse other 14 changed it approximately every 
second night (range 1-5 times per nigat). The runreerof changes at might did not differ between 
the three treatment periods. The amount of topical hydrocortisone used during the washout 
after each treatment course did notdictfer significantly. The 3-day retrospective VAS recordings 
showed no difference in itch mrensity between “he three treatments (Fig. 2b). However, 
clemastine was significantly more secative (P «< o-weo1) than terfenadine or placebo. The latter 
two did not differ significantly m this respect ‘Fig. 3). 
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FIGURE 1. Effect of terfenadine and cemasune on histameeae~nduced ( 00 ugit) flare and itch in patients 
with atopic dermatitis. The resuits of the histamine injections during the placebo course are defined as 
100", (----). UD, itch duratiom (sec); Imaz, maxima ach intensity (mm): Tii, total itch index (area 
under the curve, mm”). *** Significantly different frommelacebo (P < 9-001). The recordings were made 
on the third day of treatment, §-7 $ h after the morning dose. W, Terfenadime 60 mg b.i.d. fer 3 days 


(n= 24); @, clemastine 2 mg bid., for 2 days [y= 29). 
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FIGURE 2. Itch intensity measured with (a) Pain-Track (samples every roth min) and (b) VAS forms 

during treatment with terfenadine 60 mg, clemastine 2 mg or placebo bid. in patients with atopic 

dermatitis. n, 25, except for Pain-Track, recording during placebo, where n= 24, NS, not significant. 
Terf, terfenadine; Clem, clemastine; Plac, placebo. 


‘Itch profile’ 

The ‘itch profile’ (Fig. 4) did not differ between terfenadine, clemastine and placebo. There was 
a significant increase in itch intensity during the day from 14.00 h (P <0-001 j, In most cases the 
maxima appeared within 60 min before sleep and were not inhibited by any of the 
antihistamines. Figure 2(a) and Figure 4 are not contradictory, as the results are based on 
different sampling intervals (every roth min during time awake, and every 6oth min between 
08.00 and 22.00 h, respectively). 
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FIGURE 3. Sedation measured with VAS ratings (mm) on the third day of treatment with terfenadine 
60 mg, clemastine 2 mg or placebo b.i.d. 
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FIGURE 4. Itch profile measured with Fain-Track (sam ees every Sothemin) on the 2 last days of treatment 
with terfenadine 60 mg, clemastine 2 mg or placebo bsid. Sor 3 days in patients with atopic dermatitis. 
@, terfenadine; O, clemastine; ©, placebo 


DISCUSSEOK 


In this investigation of adult AD there was no significant amtipruritic effect of terfenadine or 
clemastine compared with placebo, whereas Clermestine induced significant sedation. Intrader- 
mal skin tests showed a clear peripheral H, blocking effect by both antihistamines, but not by 
placebo. This indicates that the sub-ects had takea the drugs as requested, and that significant 
concentrations were achieved m the skin. If histamine were-of importance as a major pruritic 
agent in AD, H,-receptor blocking drugs weuld rebeve itch promptly. It has been suggested 
that the itch-relieving effect of antihistamines cold be due to a cemtral sedative action, rather 
than to a peripheral H,-receptor imhibiticn.~ However, this was not confirmed in our 
investigation, where the sedative effect with <lemastine was highly significant, but the 
antipruritic effect did not differ from that of piace>o. Sedation at night may be beneficial for the 
patient by relieving anxiety and sleeplessness, wethcut necessarily producing any relief of the 
itching. 

The contradictory results of earlier nvestigations into the entipruritic effect of antihistamines 
in AD may be due to their different proteccels, eg. different entihistamines, doses, durations of 


treatment, and to the often overlooxed difficulties of assessing itch. The possible existence of 

















various subgroups of AD, with cifferent pethophysiology, should also be taken into 
consideration. Doherty et al. recently reported antipruritic effects in AD after 10 days of 
treatment with acrivastine or terfenedine.” The results of 7» vitro experiments suggest that some 
antihistamines, such as terfenadine. may have mest cell stabilizing properties, which prevent 
the release of inflammatory mediators. 

The sensitivity of our methods to assess itch has been shown in a previous study of AD 


oe 





patients, where the capacity of Pain-""rack and daily VAS forms to detect an antipruritic effect 
was demonstrated shortly after beginming topical treatment with beramethasone dipropionate. 
The ability of Pain-Track and VAS te discriminate between low dosages of histamine (1-10 ug/ 








In conclusion, both terfenadine anc clemastinz 2ad a proneunced H,-receptor blocking effect 
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in the skin of patients with AD, but their antipruritic effect on the patients’ clinical itch did not 
differ from that of placebo. These findings support the view that histamine is not of great 
importance in the pathogenesis of pruritus in AD. 
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SUMMARY 


Papaverine has been reported, largely on the basis of clinical experience, to reduce the severity of 
pruritus associated with atopic dermatitis. A double-blind, placebo-controlled, cross-over 
study was performed to assess the degree of improvement. Fifty subjects with atopic dermatitis 
each received papaverine 100 mg q.d.s. orally for 4 weeks and another 4 weeks of matching 
placebo in randomized order. The parameters used to measure response were pruritus as 
assessed on visual analogue scales by the subjects, clinical scoring of extent and severity of the 
dermatitis and rate of usage of topical steroid preparations. Forty-five subjects completed the 
protocol and no improvement in any parameter was demonstrated. 


Atopic dermatitis is a common disease and itching is the most constant and the most distressing 
symptom. Any agent shown to provide even partial relief from this pruritus would be extremely 
valuable in the treatment of the condition. The use of papaverine was recently advocated by 
Baer,’ who reported his experience in hundreds of patients over the course of 38 years. Baer 
reported that papaverine hydrochloride, taken by mouth in doses of 100 mg four to six times 
daily, was ‘often effective in significantly decreasing itching in patients with atopic dermatitis’. 

We performed an open study of papaverine hydrochloride 100 mg four times daily in six 
patients suffering from atopic dermatitis. All of these patients reported some improvement in 
their pruritus and in one case the response appeared dramatic. We therefore proceeded to 
perform a double-blind, placebo-controlled, cross-over study of papaverine in atopic 
dermatitis. 


METHODS 


Study design 
In this double-blind, placebo-controlled, cross-over study the active and placebo phases were 
each of 4 weeks’ duration. 
Correspondence: Dr J.Berth-Jones. 
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Subjects 

Fifty subjects (29 male, 21 female; mean age 25:6 ears, range 4-68 years, 12 subjects aged 12 or 
under) with atopic dermatitis were recruited for ts study. Atopic dermatitis was defined using 
the criteria of Hanifin and Rajka.~ All subiecta had moderate or severe atopic dermatitis 
requiring treatment with moderately potent or potent topical steroids. Each subject (or a parent) 
gave informed consent to participatien in the sudy. Exclusion criteria for the study were: 
pregnancy, an intention to become pregnant. atworc dermatitis so severe or unstable as to be 
likely to require hospital admission or systemic treatment likely to :mterfere with the study, and 
any coexisting disease requiring systemic therapo. 





Treatment 

Each adult subject received papaverine roo mg c.d.s. orally and matching placebo, each for 4 
weeks. In children aged 12 or under the dose usec was 60 mg q.d.s. The order of administration 
was randomized by the hospital pharmacy, amd ecuel numbers of subjects received active and 
placebo treatment first. 

All patients were maintained on ther usual treexnent in additiorto the trial medication. This 
consisted of an emollient cream, a bath oli, anc a topical steroid preparation. Patients were 
advised to adjust the quantity of topical steroid used zs necessary te control their dermatitis. No 
other change in treatment was allowed during the perioc of tae study, nor any systemic 
treatment other than papaverine. 


Compliance 
Compliance was monitored by questioning pavents during and after completion of each 
treatment phase and confirmed by tablet counts 


Assessment 

Each subject was provided with a diary to record tse severity ef pruritus during the last 7 days of 
each treatment period. At 08.00 and 22.00 each dev subjects were asked to assess the severity of 
itching over the preceding 12 h by markimg a poiw on a visual analogue scale of 1c cm in length 
and labelled ‘no itching’ at the left hand end and werst itching ever’ at the right. Scores were 
calculated by measuring the distance, in cm, fromm the left hand end of each scale to the point 
marked by the patient, and summating the resus to produce a maximum score of 140. 

At the end of each treatment phase each subeect was exemined and the severity of atopic 
dermatitis scored. The body was assessed in 16 sparate zones: each palm, the dorsum of each 
hand, anterior and posterior aspects of each arm. esch ankle, posterior aspects of each lower 
limb, the abdomen, the back, the necs amd the face. In each zone the extent of the disease was 
graded o-3 by estimating whether none, a thire. two thires or all of the zone was affected. 
Additionally, in each zone the following features were assessed: erythema, excoriation, dryness, 
cracking, and lichenification. Each feature was sccred o for absent, 1 for detectable, 2 for 
prominent and 3 for severe. A final score for each. zone was obtained by multiplying the sum of 
the scores for disease features, by the grade for decease extent. The scores from each zone were 
then summated so that the maximum possible score was 720. All assessments were performed by 
the same clinician. 

Weights of topical steroids used Curing the study were monitored by prescribing ^ recorded 
quantity (more than required) at the beginning of each treatment phase and weighing the 
unused medication at the end of each phase. 
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Each subject was questioned about side-effects at the end of each treatment phase. Questions 
were phrased in such a way as to avoid suggesting any specific symptom. 


Statistical analysis 

Clinical severity scores from each treatment phase were compared using the Wilcoxon signed- 
ranks matched-pairs test. Pruritus scores were compared in the same way, as were the total 
amounts of topical steroid applied during each phase of the study. This non-parametric test was 
used as described by Koch,° since there was no guarantee that the data would be normally 
distributed. Clinical scores, pruritus scores and steroid usage were each analysed for evidence of 
a carry-over or period effect by the method of Hills and Armitage.* 


RESULTS 


Forty-five of the 50 patients completed the study having complied fully with the protocol. None 
of these 45 patients had omitted to take more than four capsules (400 mg, or one day’s 
medication) over the course of any one treatment phase. Five subjects were eliminated from the 
analysis due to failure to comply with the protocol, either by failing to take the trial medication as 
directed, by failing to attend for review at the correct time or by changing other treatment 
during the study. 

The mean pruritus scores, and standard errors of the means, are shown in Table 1. Twenty 
subjects recorded higher pruritus scores on placebo than papaverine, and 25 recorded higher 
scores on papaverine. There was no significant difference between scores on papaverine and 
placebo. 

The mean clinical scores, and standard errors of the means, are given in Table r. Twenty-one 
patients were clinically better after the active phase and twenty-four were better after the 
placebo phase. There was no significant difference between the active treatment and placebo 
phases. 

Three subjects failed to return their topical steroid medication for weighing as directed. Of 
the remaining 42 subjects, 26 used 0-1% diflucortalone valerate (Nerisone Oily Cream), 10 used 
preparations classified as ‘potent’ and therefore in the same group as diflucortalone valerate,” 
and six subjects used 1% hydrocortisone butyrate (Locoid Lipocream), a ‘moderately potent’ 
preparation.” Twenty-one patients used more topical steroid during the active phase and 21° 
used more during the placebo phase. No significant difference in the rates of usage of topical 


TABLE I. Summary of results 


Active phase Placebo phase 
(mean + SEM) (mean + SEM) 


Pruritus score (Max = 140) 586 (4473) 557 (4443) 
Clinical score (Max = 720) 178 (+141) 176 (4161) 


Topical steroid usage (g per month) 

Potent group (n = 36) 60 (+9) 58 (+86) 
Moderately potent group (n= 6) 46 (+278) 30 (£134) 
Total (= 42) 58 (+8 6) 55 (477) 
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steroids could be demonstratec between the active and placebo phases when the rates for the 
potent and moderately potent groups were compered either separately or together. There was 
no significant carry-over or order effect in any of the parameters. 

The power of the study to detect a 25°, imprevement in the pruritus score was estimated 
using the mean score on placebe and the standard error of this mean by the method described by 
Hills and Armitage.* With 45 subjects completizg the study the power was over 85%. The 
power of the study to detect a 24%, improvemer: in the clinical score, assessed by the same 
method, was between 75 and 80°.,, amd to detect « 24°, reduction in total steroid usage it was 
between 35 and 40%. 








Side-effects 

The side-effects reported while taking papaverine were (each in ome subject): a ‘mild calming 
effect’ which the subject considered beneficial. unusual thirst. poor concentration, slight 
drowsiness, mild abdominal pain and nausea. Sicic-effects reported while on placebo were (in 
one case each): slight tiredness, sight insomnia, severe insomnia (this subject was withdrawn 
from the study by his general pract:tooner), indigestion and heartburn, nausea with vomiting 
and abdominal pain lasting 1 week. 


DISCUSSBOK 


Papaverine is a naturally occurring compeund found in opium but lacking any narcotic activity, 
and appears to be a remarkably safe drug.” It is a potent inhibitor of phosphodiesterase and it is 
this property that provides a possible mechanism of action in atepic dermatitis, as elevated 
phosphodiesterase in mononuclear leucocytes and basophils may be significant in the 
pathogenesis of the disease.’ 


investigated a number of agents believed to relieve pruritus through a vasodilating action and 
concluded that the safest of these was papaverine. He administered papaverine either orally or 
intravenously to patients complaining of pruritus due to infectious hepatitis and a variety of 
dermatoses. Pruritus was improved in each of 29 cases and the response was ‘marked to 
complete’ in 26 of these. However, this study was not controlled in any way. The use of 
papaverine in pruritus was further investigated by Baer,’ who found it to be effective only in 
atopic dermatitis, but this conclusion appears to save been based orm clinical experience, rather 
than on controlled studies. 

In this study papaverine was used in the dose sange and frequency as stated by Baer.’ The 
results provide no support for the use of papaverme to relieve pruritus or to produce any other 
benefit in atopic dermatitis. Whiist we accept thac there are always inherent difficulties in the 
measurement of pruritus and the clinical scoring of the severity of dermatitis, and that the 
available methods have limited sens:tivity, the repults of this study were conclusively negative. 

Our own initial success using papaverine in an open manner was probably a placebo response 
and demonstrates how essential it is to perform a controlled study when evaluating a treatment 
for atopic dermatitis. 
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SUMMARY 


We report a case of the variant form of xeroderma pigmentosum in whom tumour development 
was completely suppressed for 22 months by etretinate 2 5 mg daily. 


The clinical phenotype known as xeroderma pigmentosum represents a rare group of inborn 
errors of DNA repair. These result in a markedly increased tendency to develop cutaneous 
malignancies following exposure to ultraviolet light. An extremely rare form of xeroderma 
pigmentosum results from a defective mechanism for joining up daughter strands of DNA 
synthesized to repair damage induced by ultraviolet light.’ This variant typically has a later 
onset than other forms and tends to be less severe.” Nonetheless, as our case demonstrates, this 
variant may result in life-threatening malignancy, and an effective prophylactic treatment for 
neoplasia is of immense value. We believe this is the first report of the variant form of xeroderma 
pigmentosum responding to etretinate. 


CASE REPORT 


Mr A.M., now aged 63, developed a cutaneous neoplasm at the age of 21, after completion of a S- 
month period of military service in Palestine. This lesion was on the side of the nose, and was 
treated by curettage. It recurred very rapidly, growing to 3 cm in diameter within 2 weeks, then 
spontaneously resolving. No firm diagnosis was made. Subsequently, and with increasing 
frequency, he developed many further cutaneous neoplasms on his face and the dorsal aspects of 
his hands and forearms. Tumours histologically documented at the Leicester Royal Infirmary 
have included 13 keratoacanthomas, three actinic keratoses, two basal cell carcinomas, eight 
squamous cell carcinomas and recently, a superficial spreading malignant melanoma. Numer- 
ous other lesions have been treated at other hospitals. | 

In his youth he readily developed a suntan after 4-6 h of exposure to minimal sunshine and 
was not aware of any undue sensitivity to sunlight. There was no family history of skin tumours. 


Over the years, the skin of his face and hands had become markedly freckled and telangiectatic, _ as 
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and he had the typical cutaneous features of xeroderma pigmentosum. In 1969 he was found to 
be mildly sensitive to UVB (309 nm), dut had norma reactions to wavelengths oi 260 nm and 
320-700 nm. 

The synthesis of DNA induced in finrobdlasts by germicidal UV radiation was normal. An 
assessment of post-replication DNA repair revealed low molecular weight daughter strands 
compared to a normal control, but similar to a costra with variant xeroderma pigmentosum 
(Table 1). This delay in joining daughter strands was anhanced by caffeine. 

In spite of exceptional compliamce wita advice to avoid sunlight and to comstantly use 
sunscreens, he has required at least GO surgical procedures for skin neoplasms, received 
radiotherapy on six occasions and nrumerable treatments with crvotherapy and topical §- 
fluorouracil. In October 1987, following excision of a malignant melanoma from the forearm, 
treatment was started with etretinate 25 me daily. This treatment has been well tolerated and has 
not been interrupted. No further neoplasms have developed in the past 22 months. 





pan 


PISCUSSION 


This patient had a history typical of the varient form ef xeroderma pigmentosum. His dermal 
fibroblasts showed normal DNA synthesis “ollowing irradiation, excluding the classical forms of 
this disease. However, fibroblast cultures dic reveal ese delay in joining daughter strands of 
DNA, enhanced by caffeine, which is cheracteristic af the variant form of the disease.’ He 
fulfilled all the diagnostic criteria for the varient form of xeroderma pigmentosum. 

In the 12 months prior to starting treatment with ctretinate our patient developed nine 
separate skin tumours requiring trcetment, and the frequency of these neoplasms was 
increasing. After starting etretinate no new lesions have developed in the past 22 months and 
this represents an unequivocal response to treatment. 

Etretinate has been reported to show an anvi-neoplastieefiect in a variety of premalignant skin 
diseases including the classical forms of xercderma pigrwentosum.*~° In most of these reports, 
doses of 0-75-10 mg/kg per day were required. The comparstively small dose which has proved 
effective in our patient (0-33 mg/kg per day), suggests thet the variant form is particularly 
responsive to this treatment. 
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SUMMARY 


We describe an infant who presented at birth with numerous haemorrhagic and encrusted skin 
lesions, hepatomegaly, lymphadenopathy, raised hepatic transaminases, leucopenia and 
thrombocytopenia. The diagnosis of Langerhans cell histiocytosis was confirmed by immuno- 
histochemistry, which demonstrated the presence of CD1, S-100 and DR positive cells in the 
skin infiltrate. The skin lesions resolved spontaneously after 6 weeks but recurred at 3 months 
and again were self involuting with resolution by 9 months. Persistent circulating T-cell 
abnormalities, including T-cell lymphopenia and the presence and persistence of peripheral 
blood CD17 cells were noted throughout the first year of life. 


The term ‘Histiocytosis X’ has been replaced by ‘Langerhans cell histiocytosis’.! The change in 
classification is an indication of the diversity of this group of diseases. ‘The pathology seems to be 
similar, but clinical expression is governed by the type as well as the number of organs affected 
and the degree of the histiocytic infiltration. 

Congenital forms of the disease are rare, involve mainly the skin and are usually rapidly 
healing and non-progressive. They were originally described as congenital self-healing 
reticulohistiocytosis in 1973.* It would now seem more appropriate to refer to this disease as 
congenital self-healing Langerhans cell histiocytosis. Immunological abnormalities persisting 
after resolution of all skin lesions have not previously been described. 


CASE REPORT 
A female infant was born at term to a gravida 3, para 2, 32-year-old at Queen Charlotte’s 
Maternity Hospital, London. Amniocentesis was performed at 16 weeks, as there had 
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FIGURE 1. (a) Cutaneous lesions over face present at bith. (b) Br six weeks sf age the lesions had almost 
completely resolved, 


previously been a Down’s syndrome child, and t revealed a normal female karyotype. The 
mother was rubella immune, VDRL negative md had no other complications during the 
pregnancy. The baby had Apgar scores of 8 at 1 mn and à at s min. Her weight was on the goth 
centile, height on the 75th centile and occipito—feontal circumference on the 97th centile. She 
was active and apyrexial. 

A widespread skin rash was noted et birth. This consisted of aumerous papular, haemor- 
rhagic and encrusted lesions measuring 0-5-1 ce in diameter and involving the entire body, 
though more prominent at the extremities | Fig. 12. Associated with this rash was hepatospleno- 
megaly, the liver being 6 cm and the spleen r cm below the costal margin. Marked 
lymphadenopathy was demonstrated in both the axillary and inguinal regions. Examination of 
the eyes revealed no evidence of cataracts or retim pathy. There were no other abnormalities 
noted. 

Histopathology of two papular lesions from the lower limbs showed an intact epidermis witha 
mixed inflammatory infiltrate and collections of aistiocytes and giant cells in the dermis and 
subcutaneous tissue. The histiocytic cells had abundant cytoplasm and prominent, convoluted 
nuclei (Fig. 2). Immunostaining for S-100 protein and CD1 (T6) antigen showed that the 
majority of these cells were positive. Im serial sections. approximately one-third of the cells were 
also DR positive. However, on electron-micresco=y no Birbeck granules were seen in these cells 
though they were present in the nerme! Langerhaes cells of the epidermis. This observation was 
confirmed by examination of serial ultra-thin sections. The absence of Birbeck granules is in 
contrast to other descriptions of congenital self-sealing reticulohistiocvtosis where they have 
been noted to be present.?"* 
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FIGURE 2. Section of skin obtained from a papular lesion of leg (H&E). Note the large histiocytes with 
prominent cytoplasm (arrowed). 


Initial full blood count in the first week of life showed haemoglobin 13-5 g/l, white cell count 
2'4 x 10°/l, neutrophils 56%, lymphocytes 31°,,, monocytes 10°% and eosinophils 1%. Platelets 
were 84 x 10°/l. Despite the leucopenia and thrombocytopenia, bone marrow examination 
showed normal cellularity. The slight enlargement of the spleen was insufficient to account for 
these findings. The hepatic transaminases were elevated with an ALT of 119 U/l and an AST 
also of 119 U/l. The serum albumin was 27 g/l and the urea, electrolytes, creatinine and clotting 
screen were all within the normal range. Antibody titres against toxoplasma, rubella, 
cytomegalovirus and herpes simplex virus reflected maternal transfer with no evidence of foetal 
infection. Viral cultures were also negative. Bacteriological swabs of the lesions grew 
Staphylococcus epidermidis only. Chest X-ray and skeletal survey showed no evidence of 
infiltration or abnormal calcification, although the bone age was delayed at 30 weeks. A CT scan 
of the head revealed no abnormalities. Ultrasound of the abdomen demonstrated hepatomegaly 
but showed a normal echogenic pattern, 

The infant continued to thrive and the skin lesions spontaneously involuted showing almost 
complete resolution by 6 weeks of age (Fig. 1b). The lymphadenopathy and hepatosplenome- 
galy also resolved. From the age of 3 months however, new lesions began to reappear on her face, 
scalp and ears. These were not as pronounced as at first presentation, the papules being smaller 
and not haemorrhagic in appearance. They too spontaneously resolved by 9 months and have 
not recurred. There was no associated systemic involvement and she has continued to thrive 
without treatment. Clinical follow up at 1 year of age revealed a well child. 


Immunology 

The initial low total white cell count (2-4 x 10°/1) was contributed to mainly by a lymphopenia 
(0-7 x 10”/1). This was present when the skin symptoms were most florid. Total white cell count 
and lymphocyte count returned to normal levels by the age of 3 months (Fig. 3). Despite a 
normal total lymphocyte count, there was a low percentage of CD3* cells. The absolute 
numbers of CD3 cells did increase with time but have remained below the normal range for age- 
matched children (Fig. 4). The CD4:CD8 ratio was within the normal range, although the 
absolute numbers of these subsets were below normal. The combined numbers of CD4* and 
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FIGURE 3. Total white cell count end tegal lymphocyte count ( x 10"/1) of pacient over first year of life. 
Lines A and B represent lower normal of total white cell count [sx 107/D and total lymphoeyte count 
(1°§ x 10°/]) respectively. ©, total white cell coung W, vmphocytes, 


CD8* cells exceeded the total numberef CD 3° ces. This seemed most likely due to CD16 and 
CD8 double-staining cells, which would suggest an expanded large granular cell lymphocyte 
population with natural killer activity. However, deuble-staining procedures and functional 
analyses have not been performed. Although CD: cells have been described in cord blood,** 
routine fluorescence-activated cell-sorting analysis of bleod from age-matched infants on the 
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FIGURE 4. Absolute number of circulating T-cell subser over the patient’s first year of life. Normal ranges 
of absolute numbers for age matched children: D3, 366-5180 x 17/1; CDa, 2640-4230 x 16ř/h CD8, 


780-1750 x 10"/l; CD14, 120-730 » 10°; CD16, 720-8680 x io"). D1 ce ls are not normally detected 
in the peripheral blood of infants. 
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same day consistently failed to demonstrate circulating CD1* cells. This is suggestive of an 
increased level of circulating CD1* cells whose origin and function (immature T cells, 
Langerhans cells or a B-cell subset) remain unclear. 

The number of cells which expressed CD14 (mainly expressed on monocytes and epidermal 
Langerhans cells) remained within the normal range. Cells expressing CD16 (FcR III receptor) 
on natural killer cells, granulocytes and macrophages were initially low, though reached normal 
levels in the latter part of the first year (Fig. 4). 

‘The reduced number of T-lymphocytes was associated only with a marginal reduction of the 
PHA responsiveness during the first 3 months of follow-up. Complement studies and 
immunoglobulins were normal. The nitro-blue tetrazolium test and opsonization measured by 
C3b uptake were also normal throughout the first year. 

Histiocytic cells were extracted from skin biopsy specimens by panning. Eighty per cent were 
CD1(1T6)*. Functional studies performed on these, including alloantigen stimulation and 
mitogenic responses, showed good accessory function for antigen presentation. This was in 
contrast to other patients with later onset, generalized Langerhans cell histiocytosis (of the 
Letterer-Siwe type), whose cells are non-functional (Dr A.Chu, personal communication). 


DISCUSSION 


The original case report’ of congenital self-healing reticulohistiocytosis had a presentation at 
birth with skin lesions consisting of multiple dark red papulo-nodules with or without 
ulceration. There was no systemic involvement and the lesions healed spontaneously within 2-3 
months with no recurrence. This is a unique form of Langerhans cell histiocytosis which is 
benign, probably representing a self-rectifying congenital anomaly of the histiocytic system.° 
Since then, there have been other cases reported in the literature.” -° Even though this is a rare 
condition, it is of interest as it spontaneously resolves and there is the potential for over- 
treatment. 

Hepatomegaly and haematological abnormalities have been previously reported in associ- 
ation with congenital self-healing reticulohistiocytosis.*\’ Altered CD4:CD8 ratios have also 
been demonstrated,'® although decreased absolute CD3 cell numbers and the persistence of 
CD1 (T6 positive cells) have not previously been shown. These findings in our patient represent 
immunological abnormalities which after 12 months of follow-up had not completely resolved 
despite the child thriving and being symptom-free. It is tempting to speculate that the 
persistence of the increased numbers of CD1* cells in the blood may be correlated with the skin 
changes (CD1* cell infiltration). 

The case discussed here is also unusual in that the skin lesions recurred at 3 months of age. 
There have been several previous reports of a benign cutaneous variant of Langerhans cell 
histiocytosis with an onset later in infancy'':'? and in two cases the recurrence of skin lesions 
after a disease-free period of 22 and 24 months respectively. '? 

The ‘self-healing’ nature of congenital Langerhans cells histiocytosis is fascinating as not only 
do the cutaneous forms of this disorder resolve spontaneously but this may occur with multi- 
system disease.'’ At present the prognosis and treatment regimen for Langerhans cell 
histiocytosis are decided by clinical presentation as well as the histological appearance.'!*:!5 We 
feel that further immunological investigation will lead to a better understanding of the aetiology 
of this disease spectrum. 
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Psoriasis, nails, joints and autoimmunity 


Sir, Fifty-four consecutive in- and out-patients were examined over a 3-month period for evidence of nail 
changes and interviewed concerning arthropathy. Twenty-four of these patients (13 male and rr female; 
age range 16-82 years, mean 51 years) had the triad of psoriasis, nail changes and arthropathy and they 
were further studied for familial evidence of autoimmunity. Five patients were suberythrodermic, seven 
had severe, widespread plaque-type psoriasis and 12 moderate but widespread plaque-type psoriasis. 
Blood was taken for HLA studies. It was found that 14 patients had a family history of autoimmune 
diseases (five thyroid disease, four diabetes, three rheumatoid arthritis, and two with pernicious anaemia) 
compared with a similar age-~sex-matched control group without psoriasis and who had a family history of 
autoimmune diseases in only five out of 24 patients (P < o-oo01). Eight of the study group of patients had a 
strong family history of psoriasis, nine were female (seven aged less than 50), 10 had mild to moderate nail 
and joint changes, and 10 had large joint arthropathy with or without small joint changes. 

There is evidence that an autoimmune process may be important in the pathogenesis of psoriasis. Severe 
psoriasis can be associated with arthritis, a condition which is commonly assumed to be immunologically 
mediated.’ It is also established that psoriasis, like a number of other possible autoimmune conditions, is 
associated with certain HLA phenotypes*~* and studies have shown an increased prevalence of HLA B; +, 
HLA B,;, HLA B,; and HLA CW,. In the present study, there was a strong statistical association of 
psoriasis with HLA B,- (P<o-o01) and weaker associations with HLA Azo (P<0-005), HLA B,- 
(P <0-005) and HLA B,- (P <0-05). Recent work has shown that early plaques of psoriasis are infiltrated 
by T-helper (Ty) lymphocytes, while T-suppressor (T,).dymphocytes predominate in regressing lesions.*° 
There are increased numbers of HLA DR* dendritic cells in psoriatic plaques and cyclosporin, a drug 
which acts selectively on T, lymphocytes, is useful in treating severe psoriasis.’ It has been suggested that 
the interaction of Th lymphocytes with antigen-presenting dendritic cells could lead to the release of 
lymphokines and induce keratinocyte proliferation.© The age incidence of psoriasis is consistent with the 
hypothesis of autoimmune pathogenesis,*-’ the incidence rising with age to a peak in the second or third 
decades and thereafter becoming less common. 

In this limited study we found that some patients with severe psoriasis have an increased incidence of 
other autoimmune diseases in the close relatives. Young females with widespread plaque-type or 
suberythrodermic psoriasis and with a strong family history of psoriasis and who have both nail changes 
and large joint arthropathy may form a separate subgroup of patients with a strong family history of 
autoimmune disease. 
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Satisfactory resolution of Jessner’s lymphocrtic infiltration of the skin following treatment 
with etret:nate 


Sir, We wish to report a case of Jessner’s lypmphocyticinhitrate JLI) which responded weil to etretinate. 
The condition is a benign disorder characterized by areas of raised discoid erythema on the face and trunk, ' 
and often occurs in the light-exposed areas of the skia. “The histology :ypicai’y shows a dermal perivascular 
lymphoid infiltrate consisting mainly of T cells.” The cwadition tends to ruma relapsing course and is often 
difficult to treat. 

Our patient was a 35-year-old maie who had raised areas of erythema on tte left cheek and temple, which 
had been present for 1 year and which were conspicuous An initial biopsy stowed appearances compatible 
with JLI and a second biopsy several monts later confirmed the clinical diagnosis. Treatment with topical 
and intradermal steroids gave some temporary improvement, but the condition repeatedly relapsed and it 
was then decided to use etretinate so ng daily. After 2 months, the dose was reduced to 25 mg daily and 
continued for a further 3 months. There were no significant side-effects. The JLI subsided within 4 weeks 
of starting etretinate and resolved cormpletely Curing the following 5 months, by which time the skin of the 
left cheek and temple appeared normal. Treatment witi etretinate was stepped and 9 months later there 
has been no recurrence. 

Retinoids have been used in many differert skin disorders and reports of their use in discoid lupus 
erythematosus (DLE) have indicated varying degrees of success. itretinate was found to be useful in 
resistant forms of chronic DLE, although hyperkeratot:c forms were more responsive than inflammatory 
forms.? A study of 19 patients with different variants cf cutaneous LE wo were treated with etretinate 
showed good results in all patients within 2-5 weeks. * Tse best responses were seen in males with DLE. In 
view of the similarities between DLE and JLI, etretizate was a reasonate choice of treatment in our 
patient when topical steroids had failed. A very satrsfaceery response was achieved and there has been no 
recurrence to date. 
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Diffuse cutaneous mastocytosis, 22 years on 


Sir, A young male was presented to the Section of Dermatology at the Royal Society of Medicine in 
September 1968 and the case was subsequently published.’ He was then 9 months old and the main 
problem was itching with wealing and blisters and with linear excoriations. Minor trauma was followed by 
weals and bullae. His skin showed a tanned ‘peau d’orange’ appearance. There was no hepatosplenome- 
galy. Investigations at that time were as follows: Hb 80”,,, WBC 23 000 mm? (P 17%, L 76%, M 6%, E 
1%). There was no increase in the number of basophils and the lymphocytes showed a normal 
morphology. X-rays showed no bone or joint changes. A skin biopsy showed there was a diffuse sheet of 
cells with deeply staining nuclei immediately below the epidermis filling the upper half of the dermis and 
also in a perivascular distribution. The cells were round or spindle shaped and Giemsa staining showed the 
presence of metachromatic granules indicating that they were mast cells (Fig. 1). 





FIGURE 1. Diffuse dermal mast-cell infiltrate at 9 months of age. 


His skin condition slowly improved and as he has grown up he has learned to live with the 
dermographism that is now not severe. He presented to us in 1988 with psoriasis. A skin biopsy was taken 
from a non-psoriatic area with the purpose of comparing the present histology with that seen in 1968. A 
moderate number of mast cells were seen in the dermis mainly around small blood vessels (Fig. 2). 
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FIGURE 2. Residual perivascular mast cells at 22 years of age. 


We report the change in the clinical and histological a>pearance of the skin of a patient who had severe 
diffuse mastocytosis shortly after birth and who, over the years, has improved. 
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Differential Diagnosis in Dermatopathology II. A.B.ACKERMAN, J.L. Troy, L.B.Rosen, S.JERASU- 
TUS, C.R.WuiTe AND D.F.KING (1988). Philadelphia: Lea and Febiger. Pp. 202. Illustrations 360. 


This second volume follows the same format as Volume I published in 1982. In each of 45 chapters the 
histological features of two diseases are compared using colour photomicrographs and lists of major 
differentiating criteria. Each chapter is supplemented by a helpful discussion on the two diseases in 
question. 

The quality of the photomicrographs and their uniformity of colour is excellent. Some of the differential 
diagnoses discussed are of diseases which can be notoriously difficult to separate. Into this category fall the 
chapters on psoriasis vulgaris vs. pityriasis rubra pilaris, erythema mutiforme vs. fixed drug eruption and 
scleroderma vs. sclerodema. These chapters are likely to be of practical use and interest to all 
dermatopathologists. I am less certain, however, that in practice there are many problems in differentiating 
granuloma annulare from eruptive xanthoma or warty dyskeratoma from acantholytic squamous cell 
carcinoma. 

In the introduction Dr Ackerman has defended the now traditional absence of reference lists in his books 
by declaring that the data presented are his own. He does not refrain, however, from making dogmatic and 
sometimes unsubstantiated statements, for instance that tricholemmomas and inverted follicular keratoses 
are all old viral warts, without any indication that these are controversial views which are disputed by 
many. 

The difficulty with this book is in determining who is likely to derive most benefit from it. I do not 
consider it to be a beginner’s text but experienced dermatopathologists are likely to find it of limited use as a 
‘bench book’. I know from experience that many trainee pathologists and dermatologists with a working 
knowledge of histopathology find Dr Ackerman’s style of concise lists of major histological features each 
clearly demonstrated in photomicrographs to be extremely helpful and for this group the book would make 
an interesting addition to departmental libraries. 
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Cutaneous Electrosurgery. J.E.SEBBENS (1989). Chicago-London: Year Book Medical Publishers 
Inc./Wolfe. Pp. 211. Illustrations: 111. ISBN 0-8151-7804-2. Price £39.50 or £42.00. 


Do you know the difference between electrocautery, electrofulguration, electrocoagulation, electrodesic~ 
cation, electrocutting, galvanic surgery, electrolysis, and the hyfrecator? If you want to know the answer in 
detail, then look no further, for it is all here, down to fairly minute detail. For example, electrofulguration 
comes from the Latin root (fulgur—lightning) and indicates that a spark jumps between electrode and 
tissue. This tends to produce more damage than electrodesiccation, (where the electrode actually touches 
the tissue), or electrocoagulation (usually performed at a lower voltage than electrodesiccation and 
electrofulguration). 

Or, again, did you know that galvanism is basically the same as iontophoresis? I didn’t until I read this 
book, and I have learnt a great deal about the theoretical and physical background to electrosurgery. 

The safety aspects are well covered, right down to the risk of igniting bowel gas. The practice exercises 
are good, and should perhaps be considered for the British Dermatological Surgery Group workshop in the 
future. A minor criticism is that electrocautery, which is simple, cheap, and still popular in the U.K., is 
hardly mentioned, and dismissed as ‘not widely used today’. The section on treatment of different types of 
lesions is somewhat repetitive. 

This is a book for the real enthusiast, but most dermatologists will find all, and more than they need to 
know, in a textbook such as Richard Bennett’s ‘Fundamentals of Cutaneous Surgery’ (1988, The 
C.V.Mosby Company) at approx. £70.00, which covers the subject very satisfactorily, and has the added 
advantage of covering the whole of dermatological surgery, which, in my opinion, makes it a better bargain. 

P.W.BOWERS 
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Textbook of Pediatric Dermatology. Edited by R-®urz-MaLpenapo, L.C.PARISH AND J.M.BEARE 


(1989). Philadelphia: Grune & Stratton. Pp. 863. ISBN o-8089-1863-X. Frice £114.00. 


In the past 2 years two major paediatric dermatology text: have been published and the enthusiast now has 
a choice. The text reviewed here is edited ty three distinguished individuals whose theme appears to be 
dermatology for paediatricians. This woulc explain the standard dermatoicgy textbook introduction on 
skin biology, terminology, histology and basic treatment. The bulk of the book is divided into 18 sections 
devoted mainly to disease categories by aetichogy, althoug= there is a section 2a general dermatology. Some 
readers may query the inclusion of acne in the section en Diseases of Skin Structure—Non-hereditary. 

There are good sections on connective tissue diseases, osoriasis anc deep fangal infections. The section 
on atopic dermatitis was a little disappointing in reletior eo the frequency wath which both paediatricians 
and paediatric dermatologists have to deal wath the problem. PUVA is ment:cned as a method of managing 
atopy and so also are cyclophosphamice and azathicprim:, with the rider that they should got be used in 
children! 

‘The multi-author nature of the book has led to repetition in several chepters, which could have been 
corrected by some stringent editing. The pictures are af] black and white and many are of rather poor 
quality. This is particularly unfortumats as many illustra‘ relative rarities. The rapid development of high 
quality and relatively inexpensive colour printing techniques should stimulate authors, editors and 
publishers to consider very carefully whether or not asmelernumber of high quality colour pictures would 
have been more valuable at the same cost. 

While this book has some useful sections. the definitive paediatric dermatology textbook has yet to be 
written. Those who plan to write such a text should consider whether they are writing dermatology for 
paediatricians or paediatrics for dermatolegists as the approaches will be different. These with tight 
departmental or personal library budgets should examine the book and consicer whether or not its contents 
will add significantly to what is found in the major general dermaroiogy texts. 
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Formaldehyde Sensitivity and Toxicity. Edited by Susan. E. FEINMAN (1988). Florida: CRC Press, 
Inc. Pp. 221. ISBN 0-8493-4789-0. 


This is an energetic summary of formaldelbyde and its related compounds as is known today. The editor 
and her fellow contributors, who are aiso non-medical, save collected very carefully and precisely all the 
relevant data and arranged these in clear easily identifiee categories. Despitethe fact that the contributors 
are non-medical, they are highly synapethet« tc the biological effect of formaldehyde and so every aspect of 
this compound’s effect on biological systerns has been covered. 

Sections headed Allergenicity, Toxzcology, Allergy, Contact Dermatitis snd Other Health Effects, are 
covered. The majority of the book cea's with the dermatological aspect of centact with formaldehyde and 
its related compounds, therefore covering ‘tritant and alergic contact dermatitis, both occupational and 
non-occupational. As well as giving the shysiologica’ and toxicorogica! background to this, it is an 
extremely useful summary of the scurces of formaldehyde im our average environmert and in our 
occupational environments. For this reason the book i: essential for anyone working in environmental 
dermatology and occupational dermatolog? in particules. 

The authors and contributors have indicated that they would aim their textat many different disciplines, 
including medical, biological, chemical, legal and undergraduate students frem all categories. The way the 
material is presented would make all of these groups aware of their ewn particular aspects of the 
compounds behaviour, and therefore is successful in that aim. 

The book forms part of a series, most of which gives scund references, sc # is unfortunate that Dr Etain 
Cronin’s name is misspelt when her fut name is used in as acknowledgememtafter Chapter 6, but this is not 
in keeping with the general accuracy o the volume. The 200k has been very <areful in its representation of 
the current state of knowledge world-wide or formald=hvde, not only in the study of the effects of the 
formaldehyde on the biological systems, but possible ways of its removal. 
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Surgical Gems in Dermatology. Edited by Perry ROBINS (1988). New York: Journal Publishing 
Group. Pp. 118. Numerous illustrations. ISBN 0-9621300-0-1. 


There are many practical tips, anecdotes and experiences that are exchanged informally between 
colleagues that would never usually get into a refereed journal or a standard textbook. Dr Perry Robins has 
gathered several of these together in this slim volume. He promises this to be the first in a series of such 
books. There are a total of 40 contributors to this book. The subjects range from tips applicable to all, such 
as reducing the pain of injecting local anaesthetic, to the esoteric, such as advice on how to drill the frontal 
bone of the skull to create a sling suture. ` 

This book does reflect the difference in practice of dermatological surgery between the U.K. and North 
America. The book is aimed at the North American dermatological surgery trainee and office practitioner. 
Many of the ‘Gems’ apply to techniques that would not be considered the remit of a dermatologist 
practicing surgery in the U.K. : 

Each ‘Gem’ is concisely described and invariably accompanied by a line drawing or photographs. With 
40 contributors the quality of the description and photographs tend to vary somewhat. Many of them are 
woefully inadequate in detail and only confirm that surgery can only be learnt by apprenticeship in the 
‘theatre and not from an instruction manual. However, the book is worth getting a sight of to pick a few 
gems of low carat value. 

S.L WHITE 
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News and Notices 


Dermatopathology Self-Assessment Workshop 
Cleveland, Ohie, 6 October 1990 


A Dermatopathology Seif-Assessmen: Workshop will be held at the Cleveland Clinic Foundation on 6 
October 1990. For further information:contact Wilma F.£ ergfeld MD, Cleveland Clinic Foundation, 9500 


Euclid Avenue, Cleveland, Ohio 44105, U.S.A. 








Dermatology Nurses Suppert Group Study Day 
20 September 1990 


A Study Day has been organized for nurses with a full-time commitment to dermatology and will be held at 
the Sunderland Polytechnic on Thursday 20 September 1990. The speakers will include Professor 
J.A.A.Hunter and Dr W.J.Cunliffe. 

The cost will be £25.00 and limited evernight accommodation-at The Reval Infirmary, Sunderland, can 
be arranged. Further details can be obtained fram Dr T €. Hindsen, Dermatology Department, The Royal 
Infirmary, Sunderland SR2 7JE. 


Society far Pediatric Dermatology 


Applications are invited for a $5000- 0,000 grant for clmical or basic research in pediatric dermatology. 
Applications must be received by 1 Mav rege. 

The society for Pediatric Dermatelegy announces its tall for papers by z: May 1g90. An annual award 
will be given to a pediatric or dermatology resident fer a manuscript on the results of a clinica! or laboratory 
research project related to pediatric dermatology, to bep -esented at the annual meeting for the Society for 
Pediatric Dermatology, San Diego, Califernia, 8:1 August ro90. The award is $500 and expenses to 
attend the meeting and present the paper. 

Applications for the research grant and manuscripts fer the residents’ award should be submitted to Dr 
Anne W. Lucky, Chairman, Committee en Awards ane Goals, Society fer Pediatric Dermatology, c/o 
Dermatology Associates for Cincinnati Inc, 7691 Five “ile Road, Cincinnati, Ohio 45230. 


International Symposium on Mew Trends in Allergy HI 
Munich, 13-15 uly r990 

An International Symposium on New Trends in Allerge-will be held at the Cultural Centerin Munich on 

13-15 July 1990, For further details, contact Professer Dr Johannes Rag, Dermatologische Klinik u 

Poliklinik, der Ludwig-Maximilians-Universitat Muncien, Frauenlobstrasse g-11, D-8000 Munich 2, 

West Germany. 
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Epidermolysis bullosa acquisita antigen and the 
carboxy terminus of type VII collagen have a 
common immunolocalization to anchoring 
fibrils and lamina densa of basement membrane 


H.SHIMIZU, J.N.McDONALD, D.B.GUNNER, M.M.BLACK,* 
B.BHOGAL,* I.M.LEIGH,+t P.C.WHITEHEAD} AND R.A.J.EADY 


Departments of Cell Pathology and * Histopathology, Institute of Dermatology, United Medical and Dental 
Schools, St Thomas’s Hospital, London and t Experimental Dermatology Laboratory, The London Hospital, 
London, U.K. 


Accepted for publication 28 November 1989 


SUMMARY 


In this study a variety of immunoelectron microscopic methods were used to define the precise 
ultrastructural binding site of epidermolysis bullosa acquisita antibodies (EBA-Ab). We used 
two EBA sera which immunoblotted with the same skin-extracted protein as that labelled by a 
monoclonal antibody (LH7.2) which is known to react with the carboxy terminus of type VII 
collagen. Gold-conjugated antibodies were used in two different immunoelectron microscopic 
procedures to compare the labelling characteristics of EBA-Ab and LH7.2 in normal human 
skin. Antibody incubations were performed using ultra-thin cryosections of unfixed skin and 
thin slices of fresh skin (en bloc technique) before conventional fixation and embedding in Epon. 
Both methods showed similar labelling features for both EBA-Ab and LH7.2. With ultra-thin 
cryosections there was labelling of the lamina densa and an undefined component of the sub- 
lamina densa region. With the en blec technique, labelling of dermal ends of anchoring fibrils and 
of amorphous material recently defined as ‘anchoring plaques’ was evident. There was no 
labelling of the central banded portions of anchoring fibrils. We conclude that EBA-Ag is 
localized to the dermal ends of anchoring fibrils in addition to the lamina densa and possibly 
anchoring plaques, and thus has the same distribution as the carboxy terminus of type VII 
collagen. 


Correspondence: Dr R.A.J.Eady, Department of Cell Pathology, Institute of Dermatology, St Thomas’s Hospital, 
Lambeth Palace Road, London SE1 7EH, U.K. 

Presented in part at the First Tricontinental Joint Meeting of the ESDR, SID and JSID in Washington DC on 26-30 
April 1989. 
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Epidermolysis bullosa acquisita (EBA) is an acquired blistering disease in which autoantibodies 
develop against the epidermal basement membrane zone (EMZ). The target antigen of the 
autoantibodies, known as EBA ancigen “EBA-Ag’. is synthesized by both human keratinocytes 
and fibroblasts.” °? EBA-Ag has been found in extracts of skin basement membrane by Western 
blot analysis to consist of a protein of 2§0-290 «Da, with collagenous and non-collagenous 
domains." More recently, it has been shown that EBA-Ag cerresponds to the carboxy 
terminus (c-terminus), a 145 kDa giebular domain of type VII procollagen.*.? Type VII 
collagen is also known to be a major component of anchoring fibrils, which are short curved 
structures forming part of the sablamirna densa tbroreticular laver of the basement mem- 
brane.'°!® They are thought to heve a role in derrso-epidermal adherence and have been found 
to be numerically deficient or structurally abmermal im different types of the genetic 
mechanobullous disease, epidermolysis bullosa dystrophica. 7° Anchoring fibrils have a 
central banded portion which corresponds to the collagenous domain of the type VII collagen 
molecule, and a peripheral mon-banded filamentous portion, which contaims the non- 
collagenous globular c-terminus.'*"'® The derma? ends of anchorizg fibrils have recently been 
shown to be associated with small amorphous »odies known as anchoring plaques, which 
contain both type IV and type VII collagen" EBA-Ab has been shown by indirect 
immunofluorescence to bind te the dermal side of 1 m NaC! separated skin?! and by indirect 
immunoperoxidase immunoelectron microscopy IEM) to ferm deposits on and just beneath 
the lamina densa.*7?-75 The deposition of immuncperoxidase reaction products obscure the 
underlying anchoring fibrils and thus co not alow the precise gnmuno-localization to be 
determined. Therefore, evidence is so far lacking tha: EBA-Ab specifically binds to anchoring 
fibrils and perhaps to the related anchoring plagaes, owing possi>iy to the limitations of the 
IEM techniques that were formerly employed. 

Since certain IEM techniques which use colloidal gold as a abel nave the potential advantage 
over immunoperoxidase of being able to reveal Ab bindimg without obscuring the related 
ultrastructural features, we have applied two different techniques in the present study to 
elucidate the exact immunolocalization of EBA-Ag in normal hurman skin. For comparative 
purposes, a parallel study was performed using a monoclonal antibccy previously found to react 
with the c-terminus cf type VII collagen.*°*’ 





METHODS 


Antibodies 

EBA sera. Sera were used from: two patients wih EBA in whom the diagnosis was based on 
typical clinical, histological and immuancpathological features of this condition. :?*-** Direct 
immunofluorescence revealed IgG deposition in the BMZ of the perilesional skin. Indirect 
immunofiluorescence showed that the sera contained IgG ant: bodies which bound to the BMZ 
in cryostat sections of normal haman skin, with titres ef 1: 160 and 1:640. IgG from both sera 
bound to the dermal side of 1 M NaCl separated skin.-! Conventional pre-embedding 
immunoperoxidase IEM?! showed that both EBA-Abs bound to the lamina densa and 
sublamina densa zone of normal human skin. Normal human sera were used as controls. 





LH7.2 monoclonal antibody. This is a mouse monoclonal antibody to the c-terminus of type 
VII collagen.?°:?’ LH7.2 antigen is localized tc the BMZ of squamous epithelia. Indirect 
immunofluorescence confirmed that LH7.2 bourse? to the BMZ in cryostat sections of normal 
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human skin and to the dermal side of 1 M NaCl separated skin.?! Conventional pre-embedding 
immunoperoxidase IEM?! showed that LH7.2 bound to the lamina densa and sublamina densa 
zone of normal human skin, similarly to the EBA-Ab. 


Immunoblotting. The techniques used for extracting and analysing skin BMZ proteins and for 
characterizing the EBA sera have been previously published.” Briefly, human skin was 
incubated in 1 M NaCl containing 50 uM phenylmethylsulphonylfluoride at 4°C for 72 h. BMZ 
preparations were made from epidermal and dermal fragments by incubating them in 8 M urea 
containing 0-3 M 2-mercaptoethanol and 50 uM phenylmethylsulphonylfluoride. The extracted 
proteins were subjected to sodium dodecyl sulphate polyacrylamide gel electrophoresis and 
transferred onto nitrocellulose. Both the EBA sera and LH7.2 reacted with a protein of 250 kDa 
from the dermal preparation. After collagenase digestion (cleaving the collagenous region of 
type VII collagen, leaving the c-terminus intact), both EBA-Ab and LH7.2 detected a 145 kDa 
protein, corresponding to the c-terminus of type VII collagen. 


Immunoelectron microscopy 
Normal adult human skin freshly obtained from two different sites (abdomen and arm) was used 
as a substrate. 


Labelling of cryoultrathin sections. The skin was immediately cut into small pieces (<1 mm?) 
and cryoprotected in 20% glycerol/phosphate-buffered saline (PB S), pH7-4 at 4°C for 1 h. The 
skin was then cryofixed by plunging into liquid propane, cooled to — 190°C, at a speed of 
3ms`? using a KF-80 cryofixation apparatus (Reichert-Jung, Cambridge Instruments, 
Cambridge, U.K.). Cryoultrathin sections (about 100 nm thick) were cut at — 100°C using an 
FC-4D cryoultramicrotome (Reichert- Jung, Cambridge Instruments, Cambridge, U.K.) and 
collected on pioloform-coated nickel grids using 2:3 M sucrose, at room temperature (RD 
The grids were transferred to a drop of PBS and placed on a drop of PBS/1% bovine serum 
albumin (BSA)/5°% normal goat serum (NGS) at pH 7:4 for 15 min. The specimens were then 
incubated in primary antibody (EBA-Ab diluted at 1 : ro with PBS/o-1% BSA/5°% NGS or neat 
LH7.2) at RT for 30 min. Following a rinse in PBS for 20 min at RT, the specimens were further 
washed in 20 mM Tris/o-9° NaCl/1°4 BSA at pH 8-0. They were then incubated with § nm 
colloidal-gold conjugated goat anti-human IgG (for EBA-Ab) or goat anti-mouse IgG (for 
LH7.2) (Janssen Life Sciences, Wantage, Oxford, U.K.) diluted at 1:20 in 20 mM Tris/0-9% 
NaCl/1°, BSA at pH 8-0 for 30 min at RT. After further extensive washing in buffer and double 
distilled water, the sections were stained with 0-2", uranyl acetate, carbon coated and examined 
in a JEOL rooCX transmission electron microscope (TEM). 


Pre-embedding en bloc labelling. Skin was cut into very small pieces ( < 0-5 mm?) and washed in 
PBS for 2 hon a rotary mixer at 4°C. The specimens were then incubated in primary antibody 
(EBA-Ab diluted at 1:2 with PB S/1% BSA or neat LH7.2) at 4°C for 12 h. Following a rinse in 
PBS for 6 hat 4°C the specimens were incubated with 5 nm colloidal-gold conjugated goat anti- 
human IgG (for EBA-Ab) or goat anti-mouse IgG (for LH7.2) diluted at 1:2 in 20 mM Tris/ 
0-9% NaCl/1% BSA at pH 8-0 for 5 h at 4°C. After washing in PBS for 12 h as above, the 
specimens were fixed with half-strength Karnovsky fixative®® for 30 min, and post-fixed with 
1%, OsQ, in distilled water for 30 min at RT. After dehydration in a graded series of ethanol, the 
specimens were embedded in Epon 812. Ultra-thin sections were cut from the surface of the 
specimen and stained with 5% uranyl acetate and lead citrate, and observed in the TEM. 
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Control experiments. Normal Auman serum was used as a control for the EBA~Ab, in 
equivalent dilutions, for both methods. Similarly. conditioned medium from the myeloma cell 
line SP2/o-Ag 14 was used as control for LH7.2. 





RESULTS 


Both EBA-Abs obtained from different patients showed similar immunolabelling with each 
technique. 


Labelling of cryoultrazhin sections 

Labelling of EBA-Ag was relatively heavy througaocut the lamina densa and appeared in small 
clusters in the sublamina densa region (Fig. <a). LH7.2 immunolabelling was similarly 
distributed over the lamina densa (Fig. 1b). Neither the lamina lucida nor the anchoring fibrils 
could be clearly recognized using this technique. 


Pre-embedding en bloc labelling 

The ultrastructure of the BMZ including anchorizg fibrils and lamina densa was generally well 
demonstrated (Figs 2a-d; 3a-~c). EBA-Ab labelled “he lower surface of the lamina densa and the 
dermal ends of anchoring fibrils, but not the central banded portion of anchoring fibrils. 
Labelling of the lower surface of the lamina densa was not always related to the anchoring fibrils 
(Fig. 2a~d). LH7.2 showed similar immunolabellng to that for EBA-Ab, although the density 
of the gold particles at the dermal ends of anchorimg fibrils was less than it was with EBA-Ab. 
The lower surface of the lamina densa was similady decorated with gold particles (Fig. 3a-e). 
With both EBA-Ab and LH7.2 there was labellimg of amorphous material within the upper 
dermis (Figs 2d, 3b,e). This was seen ether as a scrand or .ocp of material continuous with the 
lamina densa (Fig. 3e), or as an apperentiy separate structure (Figs. 2d, 3b), possibly 
corresponding to an ‘anchoring piaque’.'* 


Controls 
No specific immunolabelling was observed when normal human seram or conditiened medium 
from myeloma cell line SP2/o-Ag 14 was used instead of either of the primary antibodies. 


DISCUSS "ON 


This study shows conclusively. for the first time that EBA-Ag occurs in the dermal ends of 
anchoring fibrils, and confirms earlier reports that <t is a normal constituent of the lamina densa 
of the epidermal BMZ.***-** Recent biocher: cal studies have indicated that EBA-Ag 
corresponds to the c-terminus of type VII collagen.” but previous immunoelectron microscopic 
studies have not shown the precise localization of the antigen. Lmmunoblotting data showed that 
the two EBA sera used in our study reacted with the same protein as did LH7.2 monoclonal Ab 
which previously was found to bind specifically te the non-collagenous globular domain or c- 
terminus of the type VII molecule.*°?”? Recent studies using a monoclonal Ab specifically 
recognizing the c-terminal ends of type VII proco“agen dimers!?:"* have shown similar results 
to those of the present study. Using the en bloc po -embedd:ng technique, gold labelling was 
seen over the dermal ends of anchoring fibrils and associated ‘amorphous patches’ or ‘anchoring 
plaques’.'° In the present study, wsing the em bloc method we-have found similar labelling sites 
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FIGURE 3. Labelling with monoclonal antibody to c-terminus of type VII collagen using en bloc technique. 
(a) Low magnification view showing labelling is mainly evident over the lamina densa and sub-lamina 
densa zone. (b)-(e) Higher magnification views of epidermal basement membrane zone showing labelling 
on the lamina densa and ends of anchoring fibrils (arrows). In (b) there is labelling of amorphous material 
which appears as a broken strand or in isolated patches (open arrows), apparently not continuous with the 
lamina densa. In (e) the labelled material (arrow head) is connected to the lamina densa. K = basal 
Keratinocytes. Bars = 1 um. 





on the dermal ends of anchoring fibrils with both EBA-Ab (Fig. 2a-d) and anti-type VII 
monoclonal Ab (Fig. 3a—-e). We also observed labelling of amorphous material which in some 
sections was apparently isolated from the basement membrane (Figs 2d, 3b) and in others, 
continuous with it (Fig. 3e). Studies of serial sections were not performed to determine whether 
or not these amorphous bodies were separated from the lamina densa. 
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EBA-Ab and LH7.2 labelled the lamiaa dense and sublamina Censa region in cryoultrathin 
sections of unfixed tissue. However, with this metnod, we nave been unable to show specific 
labelling of anchoring fibrils. In another stuév by some of our group,”’ using surface labelling 
on Lowicryl sections, the epitope recognized by (.H7.2 was also largely confined to the lamina 
densa. 

The differences between the methods used cen be expiamed by variations in access of the 
antibodies to the epitopes, with possibly a greater availability of lamina densa in the surface 
labelling in the cryoultrathin sections, but with better preservation and/or visualization of 
anchoring fibrils in the pre-embedding ‘en bioc ‘abelling experiments. 

The role of EBA-Ag and therefore of anchoring fibrils and anchoring plaques in the 
pathogenesis of EBA is far from clear. Binding between EBA -Ag and Ab may trigger a reaction 
causing release of proteolytic enzymes from the skin or infiltrating neutrophils, which in turn 
degrade BMZ related components and lead te sublamina densa or lamina lucida blister 
formation.*' Alternatively, autoantibody depos:tien may cirectly affect the affinity between 
type VII collagen and other macromolecales of the BMZ® ard perhaps disrupt the relationship 
between anchoring fibrils, lamina densa and anchoring plagues. 
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SUMMARY 


The immunomodulating cytokines, tumour necrosis factor/cachectin (TNF) and lymphotoxin 
(LT) are thought to play an essential role as mediators of inflammatory reactions. To evaluate 
the role of TNF and LT in atopic dermatitis (AD) and psoriasis, we investigated their 
production by mononuclear cells (MNC) in vitro. The 24-h supernatants of ipopolysaccharide 
(LPS)- and phytohaemagglutinin (PHA)-stimulated and unstimulated MNC from 26 patients 
with AD and 20 with psoriasis and from 17 non-atopic healthy controls were tested for the 
concentrations of TNF and LT using an ELISA technique. In patients with AD, TNF levels 
were significantly decreased in the supernatant of PHA-stimulated (P<0-00§) and LPS- 
stimulated (P &0:02) MNC in comparison to controls. There was no significant difference in 
TNF production between psoriatic patients and the control group. Release of LT in the 
supernatant of PHA-stimulated MNC by patients and controls did not differ significantly. 
‘There was no significant spontaneous production of TNF and LT by MNC of patients and 
controls. These studies indicate that different immunomodulating mechanisms are responsible 
for triggering the inflammatory response in AD and psoriasis. 


The cytokines, tumour necrosis factor/cachectin (TNF) and lymphotoxin (LT),'? are thought 
to play an essential role as mediators of inflammatory reactions. TNF was shown to produce a 
broad range of regulatory and inhibitory effects on various cell types,>~” and to be a signal for the 
production of interleukin 1 IL-1) both m vitro and tn vivo. 

Atopic dermatitis (AD) and psoriasis are inflammatory skin disorders, with immunological 
changes.’ -?* Significant differences between these two diseases could be demonstrated with 
respect to the release of immunomodulating cytokines tn vitro. Mononuclear cells (MNC) of 
patients with AD, in contrast to those of psofiatic patients, released decreased amounts of IL-1 
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and IL-2 following stimulation. ‘° Production of 1L.-6 by MNC on stimulation was not altered 
in either disease,'’ whereas unstimulated MNE of patients with psoriasis produced signifi- 
cantly increased levels of IL-6 compared with these from controls and from patients with AD. 





The zm vitro production of interferon-s and -> wax only significantly decreased in patients with 
psoriasis. !®™19 


It was recently demonstrated that numan epiderma cells are abie to produce and to release 
TNF in significant amounts.*° To =valuate the role of TNE and LT as mediators of the 








inflammatory response in AD aad psoriasis. the production of TNF and LT by MNC was 
examined im vitro in patients wita AD and psorkssis. 
METH#@DS 


Patients and controls 


pruritus. The mean IgE level was 1454 kU/I dog IgE 306235 + 9:11086 kU/1). The diagnosis 
was made according to the criteria of Hanifin and Rajka.” The group with psoriasis consisted of 
20 patients (12 male, eight female; age range 16-! veers. mean age 49 years). They had plaque- 
type psoriasis involving 3-90"... of the body surfece area ‘mean invelvement 29 + 6%). None of 
the patients had psoriatic arthrites. The control group consisted of 17 healthy bleod donors (13 
male, four female; age range 22~24 years, mean sge 25-years’ in whem atopy was excluded from 
the history and the laboratory findings. Neither the controls nor the patients had received local 
and systemic steroid therapy or UV therapy in tae 3 weeks prior bo taking the blood samples. 


Isolation of mononuclear celis and generation of supernatants 

Unfractionated MNC were isolated from hepar-aized (50 U ml> peripheral bleod of patients 
and controls as previously descr: bed. *° MNC were im a concentration of 5 x 10°/ml in serum- 
free HEPES-buffered Eagle’s minimal essential mediom (EMEM? containing 5¢ ug/ml bovine 
serum albumin (BSA) and were incubsted in the mresence of either o 5 ug/ml lipopolysaccharide 
(LPS) or 5 ug/ml phytohaemaggiutinin (PHA) o without stimulus at 37°C in 95% humidified 
air. The absolute number of monocytes in MIC preparations cf patients and controls was 
determined routinely by non-specific esterase steaming (Technikon. Bad Vilbel, F.R.G.) and no 
significant differences between patients and eontrols could be detected. After 24 h the 
supernatants were collected, certrifeged, filtere and then stored at — 70°C until tested. 





Quantitation of TNF and LT 


The concentrations of TNF end LT in the supernatant of patients and controls were 
determined using an ELISA technique. Immuncassay plates were coated overnight at 4°C with 





5 ug/ml monoclonal antibody mAk:r99 “TNF} or mAkgby (LT). Non-specific binding was 
blocked by adding 1°, BSA in phosphate-buffere:d saline P 





times and biotinylated monocional astibody mAk rgs and a LT-specific polyclonal rabbit IgG, 
both recognizing different epitepes, were addec and incubated fer 2 h at room temperature. 
After washing, streptavidin—peroxidase complez was added and incubated for 20 min at room 
temperature. Peroxidase was measured by a colorimetric procedure using tetramethyl- 
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benzidine (T MB) as substrate and the reaction stopped after 15 min by adding 1 M sulphuric 
acid. The absorbance was measured at 450 nm using a Titertek Multiscan MCC. A standard 
titration curve was obtained by making serial dilutions of a known sample of recombinant 
human TNF or LT. The detection limit for TNF and LT was at 10 pg/ml. 


Reagents and stimuli 

The MAbs against recombinant human TNF (mAk 199 and mAk 195) and LT (mAk gbọ) as 
wellas a LT-specific polyclonal rabbit IgG were obtained from Boehringer Mannheim, F.R.G. 
Phytohaemagglutinin (PHA) was obtained from Wellcome (Burgwedel, F.R.G.), S-form LPS 
from Salmonella abortus equi was a gift from Dr C. Galanos, MPI for Immunobiology, 
Freiburg, F.R.G. and purified BSA was from Sigma, Munich, F.R.G. Culture media were 
purchased from Biochrom-Seromed, Berlin, F.R.G. 


Statistics 
Statistical analysis of the data was carried out using the Mann-Whitney U-test and Spearman’s 
rank correlation coefficient. 


RESULTS 


In patients with AD, the TNF levels were significantly decreased in the supernatant of PHA- 
stimulated (P<0-005) and LPS-stimulated (P<0-02) MNC compared to controls (Fig. 1). 
‘There was no significant difference in TNF production between psoriatic patients and controls. 
Release of LT in the supernatant of PHA-stimulated MNC did not differ significantly between 
patients and controls (Fig. 2), and upon stimulation with LPS no increase in LT production 
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FIGURE 1. Production of TNF upon stimulation with PHA or LPS by MNC from patients with atopic 
dermatitis (@), patients with psoriasis (©) and from non-atopic healthy controls (4). Bars indicate 
medians. NS, not significant. 
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FIGURE 2. Production of LT upon stimulation wzh PRA by MNC trom parents with atopic dermatitis 
(@), patients with psoriasis (0) and from non-atopic hes itty controls a). Bers indicate medians. NS, not 
significant. 


could be detected. There was no significant spontaneous preductioa of TNF and LT by MNC 
from patients and the controls. There were nc significant differences in LT or TNF production 
between males and females in any of the three-groaps, or when subjects in all three groups were 
analysed together. 

There was a significant correlation between THE levels on stimulation with PHA, and with 
LPS, when all subjects were analysed together (K=0 64, P< 10°, and when the groups were 
analysed separately (AD: R=0-63, P< 0002: pseriasis: R = 0:62, P<o'oor). There was also a 
significant correlation between TNF and LT levels following stiraulation with PHA when all 
subjects were analysed together (R =35, P< 3.< 107°), or when the groups were analysed 
separately (AD: R=0-73, P<o0-0003: psoriasis: # = 0°46, P <0-0¢). No significant correlation 
could be detected between age, body surface volvement or Ig levels and TNF or LT 
production. Only IgE levels and body surface involvement w ‘re correlated significantly 
(R =055, P<0-03). 











DISCUSION 


Our results show that in atopic dermatitis, TNF ereduction dy MC in vitro was significantly 
decreased following stimulation with LPS and PEA when compares with both healthy controls 
and psoriatic patients. The production of [L-1 ara IL-2 after stim: ¿lation had previously been 
reported to be decreased in AD>.'® However, this did not reflect a decreased capacity of 
monocytes in AD patients to release immunomods: ating cytokines, since the production of IL- 
6'’ and interferon-x!8 appeared to be unaffected. In contras:, a decreased capacity to produce 
interferon-a as well as interferon-y,'? associated with an increased spontaneous production of 
IL-6,'’ could be demonstrated in psoriatic patierts. It appears thet there are differences in the 
dysregulation of the cytokine network in AD ang psoriasis. 


No significant spontaneous production of TNF or LT could be-cietected in either disease in 
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vitro. IgE levels correlated with body surface involvement and activity. There was, however, no 
correlation of TNF levels with the IgE level or body surface involvement, suggesting that the 
decreased production of TNF in AD is not a direct reflection of the inflammatory process in the 
skin. However, it was reported recently that stimulation of PMN in vitro deactivated the cells for 
subsequent stimulation with the same cytokine,” and it may be that excessive stimulation in vivo 
could be the cause of a decreased TNF production by monocytes in vitro. This hypothesis is 
further supported by the finding that human epidermal cells are able to synthesize and release 
TNF upon stimulation.?* Alternatively, the decreased production of TNF could be a sign of 
‘exhaustion’ due to preceding activation of monocytes in vivo. 

The potential role of monocytes in the pathogenesis of AD is supported by our finding that 
release of the non-monocyte product LT did not show any significant changes in AD. Although 
TNF and LT have similar biological activities, share a common receptor and are encoded by 
genes which are structurally related*?*+ LT is exclusively produced by lymphocytes,?’** 
whereas TNF can be produced by both lymphocytes and monocytes.*’’?° 

As expected from previous reports,” 78 stimulation with PHA induced the release of 
significant amounts of LT, whereas no spontaneous production could be detected.72 Upon 
stimulation with mitogens such as PHA lymphocytes are capable of releasing both cytokines. 
However, PHA only induces the release of low levels of TNF by lymphocytes. LPS, which is a 
potent inducer of TNF production from monocytes, failed to induce significant levels of TNF in 
lymphocyte preparations.*’ The results indicate that monocytes are the cell population 
responsible for the decreased release of TNF by MNC of AD patients. In contrast, the capacity 
of lymphocytes to release immunomodulating cytokines, particularly interferon-y'® and 
lymphotoxin, is apparently not suppressed in AD, and there are signs of T-cell activation in AD 
as well as in psoriasis.?° 

The TNF concentrations found in the supernatants using our ELISA system agrees with 
other data on TNF production by MNC from healthy controls,?° and with PHA as the stimulus, 
almost identical results were obtained. LPS-stimulation led to slightly lower TNF levels, which 
may be due to a different source and concentration of LPS in this study. Correlation of the 
amount of TNF produced with characteristics such as sex or age in patients as well as in healthy 
controls has not been successful. 

Inflammatory processes are regulated by a number of cytokines including cytotoxins, 
interferons, colony-stimulating factors and interleukins. We suggest that different immunomo- 
dulating cytokines mediate the inflammatory reactions in AD and psoriasis. AD, in particular, is 
characterized by a significantly decreased capacity of monocytes to release immunomodulating 
cytokines. This defect probably involves more than one regulatory step since TNF and IL-1 
production appear to be differentially modulated.*° 
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SUMMARY 


In pemphigoid gestationis (PG), one of the major initiating events ts the aberrant expression of 
the class II molecules of the major histocompatibility complex in the placenta. We used a panel 
of 13 monoclonal antibodies to investigate the phenotype of the MHC class II positive antigen- 
presenting cells (APC) in the skin and placenta in PG. In the skin, the APC show reactivity with 
a variety of macrophage markers and the CD1 marker of Langerhans cells. By contrast, the 
MHC class II positive cells in the placenta showed no reactivity with macrophage or 
Langerhans cell markers, but were the cytokeratin-positive trophoblast or vimentin-positive 
stromal cells. 


Pemphigoid gestationis (PG) is a rare bullous dermatosis of pregnancy that is characterized by 
immunoglobulin deposition and complement fixation in the cutaneous basement membrane.’ 
The association with pregnancy’ and occasionally with trophoblastic tumours? suggested that a 
placental antigen cross-reacting with skin may trigger the autoimmune response. Kelly et al.* 
have recently confirmed that there is cross-reactivity between skin and placenta exhibited by 
serum from patients with PG. The antigen has been further characterized as a basement 
membrane zone glycoprotein of 180 kDa.° 

In previous studies of placental immunology in PG it has been shown that there is aberrant 
expression of the class II molecules of the major histocompatibility complex (MHC) in the 
placenta.®’’ A similar observation has been made in target organs in other organ-specific 
autoimmune diseases and its significance to initiation of the autoimmune response emphasized.® 
In these organ-specific autoimmune diseases the cells expressing class II MHC molecules are 
the parenchymal cells which are the eventual target of the abnormal immune response.” 

During immune responses class II MHC molecules may be expressed by a variety of cells 
including activated lymphocytes, Langerhans cells and other antigen-presenting cells, 
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endothelium and parenchymal cells. ° In this study we have investigated the phenotype of 
antigen-presenting cells in the skin and placenta of patients with PG. 


Tissues 
Term placentae from five patients with clinically and immuneclogically defined PG were 
obtained following celivery. Fresh skin biopsies were available from four of the PG patients. 
These consisted of both lesional and periles:one! skin. Skin biopsies were obtained from five 
normal, healthy, non-smoking volunteers with mo evidence of skin disease. Blocks from term 
placenta from five normal pregnancies were also sampled as controls. 

Small blocks of these various tissues were saap “rozen and stored:at — 70°C until use. Cryostat 
sections 6 wm thick were cut and stained with haematoxylin and eosin. Multiple adjacent 
sections were cut and stained by imrmrunocvtoch:mical methods. 





Immunocytochemistry 

The panel of monoclonal antibodies usec is samrzarized in Table 1. Antibody binding to tissue 
sections was visualized by an mdirect immunoperoxidase method. Control sections were 
incubated with an irrelevant hybridema supernatant (anti-AFP: replacing the monoclonal 
antibodies. 


RESULTS 


Morphological examination cf the nermal and PG placemzae showed no major differences. 
However, in three of the PG placentae a few foca. mononuclear cell aggregates were seen in the 
amniochorionic stroma. 


Normal placentae 
The cytotrophoblast and syncytietrophoblas: of normal placentae-stained with CAM 5.2 while 
the stromal cells stained with vimentin. In sections stained wita DA 6.231 a population of 


TABLE 4. Antibadiesoancd specificities 


Antibody Spec#iciy Cellular cistriburson 





Dako T6 Dr Langerhans cells 
Dako Trt D2 T cells 

UCH Tı D3 T-ceil receptor cors 
SAPU RFP 4 CD4 Heiliger T subset 
SAPU RFT8 CD8 Suprressor/cytotoxic T swhset 

Ki Mı GDI IE Morse yte/macrophage, Langerhans cell 
FMC 17 Gir Mornecyte/macrophage, DEC 

Dako Mı DIS 'MAoreeyte/macrophage, granulocyte 
Dako CDisg CD19 B cel 

Dako IL2-R CD25 IL-2 receptor 

CAM 5.2 Cytokeratin  opithelium 

Vimentin (Dako? Yimentm Mesench?mal cells. 

DA6E.231 MMHC ciassa H 


plex 
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FIGURE 1. Cells in the amniochorionic stroma and in the trophoblast (arrow) show MHC class IT molecule 
expression in PG, DA 6.231, immunoperoxidase, placenta in pemphigoid gestationis. 


mononuclear cells in the amniochorionic stroma showed reactivity. No cells staining for CD2, 
CD3, CD4, CD8 and CD25 were seen. CD15 reactivity was seen on the endothelium of 
placental villus capillaries and occasional cells staining with CD15 were seen in the 
amniochorionic stroma. No CDr reactivity was seen. There was CD14 staining of the 
endothelium of the placental blood vessels but no reactivity with this antibody was seen in the 
amniochorionic stroma. No CDtic or CD19 reactivity was seen. 


Placentae from PG patients 

The cytotrophoblast and syncytiotrophoblast stained with CAM 5.2 and the stromal cells with 
vimentin. Sections stained with DA 6.231 showed an abundant population of mononuclear 
spindle-shaped cells expressing MHC class II molecules in the amniochorionic stroma and focal 
staining of the trophoblast (Fig. 1). Within all of these placentae there were occasional cells 
staining with CD2 and CD3. In adjacent sections some of these cells showed CD4 positivity and 
some CD8 positivity but the cells were not sufficiently numerous to perform a quantitative 
analysis or CD4/CD8 ratio. A few of these cells showed CD25 reactivity. Occasional cells in the 
amniochorionic stroma stained with CD14 and CD15. The endothelium of placental capillaries 
showed CD14 and CD15 reactivity. No CD1 nor CD1iIc reactivity was seen. 


Normal skin 

No CAM 5.2 reactivity was seen but dermal fibroblasts and endothelial cells stained for 
vimentin. Dendritic cells within the epidermis stained with CD1, DA 6.231 and CD 1 1c (Fig. 2). 
No keratinocytes stained for the MHC class II molecules. The CDric antibody also stained 
dermal dendritic cells. Occasional mononuclear cells in the dermis stained with the T-cell 
antibodies CD2, CD3, CD4 and CD8, but no reactivity for the activation marker CD25 was 
seen. No CD19 nor CD15 reactivity was seen. Dermal vascular endothelium showed DA 6.231 
and CDitc reactivity. 
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i om ee 
FIGURE 2. Epidermal dendritic cells in mormal skin shew CDi reactivity. Dako T6, immunoperoxidase, 
normal skin. 


Lesional and perilesional skin from pemphigoid gesiationis 

Examination of haematoxylin and eosin stained sections confirmed the diagnosis of PG. No 
CAM 5.2 reactivity was seen in the epidermis. Virentin staining vras seen in derraal fibroblasts 
and endothelial cells. 

In all four cases the epidermal MHC class H resctivity was confined to dendritic cells with no 
keratinocyte reactivity (Fig. 3a). Cells of a simila- dendritic morplology and distribution also 
stained in the adjacent sections with CDr and CDr1c (Sig. 3b). Dermal dendritic cells, 
inflammatory macrophages and neutrophils showed CD rire react-vity, and the macrophages 
and neutrophils showed CD15 positivity. Mononuclear cells within the upper dermal 
inflammatory infiltrate showed CD2, CD 3, CD4 and some CD8 irr unoreactivity, but in only 
two cases was CD25 reactivity seen in a few cells. A few dermal mononuclear cells showed DA 
6.231 reactivity. In two cases a few cells showed CD19 reactivity. Dermal blood vessels showed 
DA 6.231 and CDric reactivity. 











DISCUSSION 


The aberrant expression of MHC class J! molecules by parenchymal cells is considered to be 
important in initiating the immune response in organ-specific autoimmune disease.® It has been 
shown previously that in PG there is aterrant expression of MHC class II molecules by cells in 
the amniochorionic stroma.°"’ We have suggested that this is responsible for triggering the 
allogeneic reaction known to occur in PG'! and tat tolerance to the self basement membrane 
component, PG antigen, is broken because m is seen by the mate-nal immune system in the 
context of foreign MHC. "? In the skin, artigen-presenting ceils, such as Langerhans cells, show 
constitutive expression of MHC class IZ molecu es,'! as it is essential for T lymphocytes to 
recognize both antigen plus MHO molecules. !? 

In this study, we have identified differences n the mammunopkenotype of MHC class II 
molecule positive cells in the skin_and placenta im PG. In normal skin, MHC class II molecules 
are expressed on the surface of intrsepiderma!l dendritic cells € angerhans cells), dermal 
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FIGURE 3. (a) In PG epidermis MHC class II expression was only seen on the epidermal dendritic cells 
and was not seen on keratinocytes. DA 6.231, immunoperoxidase, PG perilesional skin. (b) Epidermal 
dendritic cells, dermal dendrocytes and vascular endothelium express the CD 11c antigen in perilesional 
skin from a case of PG. KiM1, immunoperoxidase, PG perilesional skin. 


dendritic cells and endothelium.'* In lesional skin, we found MHC class II molecules on these 
three cell types and on some of the mononuclear cells of the inflammatory infiltrate. The 
Langerhans cells were identified by the surface-membrane reactivity with a CD1 monoclonal 
antibody.'* These cells, dermal dendritic cells and endothelium also expressed the p150,95 
C3bi receptor detected by the CDric antibody Ki Mr.'* The dermal dendritic cells and 
endothelium, but not Langerhans cells, expressed the p55 antigen of CD14 reactivity.'* No 
reactivity for MHC class II molecules, gp150,95 or p55 was seen on keratinocytes. In other 
inflammatory skin disease, particularly those characterized by lymphocytic infiltration of the 
epidermis, keratinocyte expression of MHC class II molecules'®:'’ and other leucocyte 
antigens! *-?° has been described. The expression of these molecules in bullous disease has not 
been shown consistently.*! 
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In lesions of PG, an inflammatory infiltrate cemposed of lymphocytes, macrophages and 
polymorphonuclear leucocytes is seen in the uppes dermis.“ We have confirmed the presence of 
these different cells in the infiltrate and have showa that some express MHC class II molecules. 
Cells expressing monocyte/macrophage markers such as CDi ic, CD1q and CDrs are 
numerous. Macrophages express MHOC class I] molecules during inflammatory responses,!* 
and cells co-expressing macrophage markers and MHC class II molecules were seen 
immediately underlying the epiderma!—dermal jumction in lesional, but not normal! skin. Similar 
observations in other bullous lesions Rave been made using ether macrophage markers.'? The 
significance of this distribution of MHC class 1 positive non-Langerhans cells to antigen 
processing in bullous disorders is unknown. 

B cells were sparse in the upper dermal infilerate>uz T cellswere numerous. In serial sections, 
T cells of a CD4 (MHC class I] restricted) phenotype were more numerous than the CD8 
(MHC class I restricted) phenotype. Similar findings have been seen in other organ-specific 
autoimmune disease, supporting the hypothesis zkat the expression of MHC class II molecules 
is Important in antigen presentaron in these disexses.2° 

By contrast to the findings in the skin, the celf in the placenta which were MHC class II 
positive did not express macrophage markers. In the norma’ placenta, spindle-shaped cells in 
the amniochorionic stroma express MHC class © molecules.°? In term placentae from PG 
patients, MHC class II moleeules were seen om these spindle cells, and on an additional 
population of polygonal mononuclear cells in the zmniochorionic stroma with focal expression 
on the trophoblast epithelium. The stromal cells ix. both normal and PG placenta did not express 
p150,95 (CDiic) nor ps§ (CD14). These spindle lls alse failed to show CD1 reactivity and are 
clearly of a phenotype different from amtigen-pcosenting cells in other sites including skin. 
Unlike lesional skin the epithelium of the placenta, the trophoblast, did show focal MHC class 
II expression. In the normal placentae and in pacentas from two patients with linear IgA 
disease who became pregnant, nc MHC molecules were detected on the trophoblast. ’ 

The placentae at term from patients with PG <onzained enly a very few inflammatory cells 
detected by leucocyte markers, despite the fact tat immune complexes are deposited in the 
amniotic and chorionic basement membranes. The deposition ef immune reagents in the 
placentae in PG has been implicated im the placemzal dysfunction aad impaired foetal outcome 
which has been shown to occur in PG.” 

We have previously suggested that the autoimmune response in PG is initiated when the 
maternal immune system encounters a cutaneous autoantigen in the context of foreign, that is 
paternal, MHC class II molecules in the placenta. -'* The placental cells which express these 
MHC class II molecules differ immunologically Tom other antigen-presenting cells and have 
the phenotype of stromal (virnentin positive or trophoblastic (CAM 5.2 positive) cells. The 
aberrant expression cf MHC class H molecules bs these celle in PG appears to be important in 
triggering the immune response against the 180 De PG antigen in the placenta." 
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SUMMARY 


The mechanisms by which tolerance is induced in solar urticaria were investigated in two 
patients whose eruptions were induced by wavelengths in the range 320-455 nm in one patient 
and 400-495 nm in another. Tolerance to radiation was induced by repeated exposures of the 
skin to the eliciting wavelengths of light. Weal and flare responses to intradermal injections of 
histamine and the histamine-releasing agent (codeine) were unaltered in the tolerant skin when 
compared with adjacent normal skin. Intradermal injection of m vitro irradiated serum or 
plasma from the patients induced an urticarial reaction in the unexposed skin but not in tolerant 
skin and repeated injections induced tolerance to the eliciting radiation. The results suggest that 
tolerance is not due to exhaustion of the photoallergen in the skin, or to an increase of the mast- 
cell degranulation threshold caused by exposure to ultraviolet radiation, or mast-cell mediator 
depletion, or histamine tachyphylaxis. It is likely that binding sites of IgE on mast cells remain 
occupied by the photoallergen during the state of tolerance, and that histamine release from 
mast cells is blocked. 


In most types of physical urticaria, including solar urticaria, it is possible to induce tolerance by 
graduated exposure to the inducing stimulus. t7 Although the mechanism by which tolerance 
develops is unclear, one explanation could be that in solar urticaria repeated exposures to 
eliciting radiation produces degranulation of mast cells resulting in the exhaustion of mediator 
reserves. In one study of three patients rendered tolerant to UVA by repeated exposures, 
histamine release and mast cell degranulation, evolved by UV-irradiation, were largely 
prevented.’ Weal and flare responses to injected histamine and a histamine-releasing agent 
(codeine) were unaltered in the tolerant skin. The authors concluded that the state of tolerance 
was due to an increase in the mast-cell degranulation threshold and not to mast-cell mediator 
depletion or histamine tachyphylaxis. 

In the present study of two patients with solar urticaria, the mechanisms by which repeated 
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exposures to eliciting radiation leads to tolerance were investigated. Cutaneous responses to 
intradermal codeine, histamine, and patients’ serum or plasmaa activated by in vitro irradiation 
were examined in tolerant and nerma! skin. An attempt was made to induce tolerance to the 
eliciting radiation by repeated injections cf serum er plasma activated in vitro by the appropriate 
wavelengths of light. 


Patients 

A 49-year-old woman (case 1) and 69-vear-old woman (case 2° were studied. They had a history 
of solar urticaria of 10 years and 3 months. respectively. There was mo personal or family history 
of atopy and no other types of urticaria. The lesions were elicited by exposure either to direct 
sunlight or radiation through window glass of 5-r< min duration. The eruption faded within 2- 
3 h. In both patients, repeated dady exposure: to sunlight induced tolerance to weal formation 
that lasted only for a period of 2 ov 3 days when tke exposures were discontinued. Physical and 
laboratory examinations, including blood chenvstry, urine analwsis and blood count with 
differentials were all normal. Quantitative porphyrin studies of blood and urine were normal. 
The serum IgE in both patients was within the normal range. 





Radiation sources 

Sunlamp. The source of polychromatic UVB was a bank of 10 fluorescent bulbs (Philips TL 
20W/12). The emission spectrum 2xtends from 2% to 350 nm with amaximum between 310 and 
315 nm. The UVB irradiance was 2-5 mW /om? # a target distance of 30 cm. 


High intensity UV A. The source of pelychromatic UVA was from a high-pressure metal- 
halide lamp (UVASUN 3000, Mutzhas, Munich, F.R.G.) that em:ts wavelengths between 330 
nm and 460 nm without any rmeasaradle UVE + The UVA i-tadiance was 66 mW /cm? 
at a target distance of 30 cm. 


Infra-red. Infra-red radiation was provided by a 300 W Sollux tamp with red filter (Sollux 
760, Heraeus, Hanau, F.R.G.). It emits between 690 and 2000 nm. The irradiance was 101 mW / 
cm? at a target distance of 35 am 


Solar simulator. Solar simulating polychromatic UV -radiation and visible light were obtained 
from a high-pressure xenon arc (ermax, ELZ Technology, Sunrrvale, CA, U.S.A.). Several 





a 


detachable cut-off glass filters (GG 400, GG 420. GG 45s, GG 475, GG 495, OG 515, Jenaer 


Glaswerk Schott, Mainz, F.R.G.) were used in combination wira the solar simulator. The 
measured irradiance at the solar simulator exit was 150 mW/cm7?, 








Dosimetry. For dosimetry of the filtered sobar semulator and the infra-red lamp a thermopile 
attached to a digital wattmeter (Miller, Mcosimaing, F.R.G.) was used. A UV-meter with 








Action spectrum studies 
Small test sites (1 cm*) on the back, lateral aspec- of the upper argns or ventral aspects of the 
forearms were exposed to various doses of broad-band UVB, UYA and infra-red as well as 
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radiation from a solar simulator filtered with several cut-off glass filters. Thus, the diagnosis was 
confirmed and the causative wavelengths and minimal exposure doses required to induce 
wealing (minimal wealing dose (MWD)) were determined. 


In vitro irradiation of serum and plasma 

Freshly separated samples of serum and/or plasma from the patients were placed in a Petri dish 
and exposed directly to 2 MWDs of eliciting radiation. Immediately after, 0-1 ml aliquots of the 
patients’ own serum and/or plasma, both irradiated and non-irradiated, were intradermally 
injected into the flexor surface of the forearm. 


Induction of tolerance 
An attempt was made to induce tolerance by repeated exposures with eliciting radiation. UVA 
or visible light was used in case 1 and case 2, respectively. Areas of 1 cm? on the patient’s back 
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FIGURE 1. Injection of irradiated plasma induced wealand FIGURE 2. Irradiation with UVA induced weal and flare in 
flare in normal skin (above) but not in skin tolerant due to control sites (above) but not in sites pretreated by repeated 
repeated injections of irradiated plasma (below injections of irradiated plasma (left, middle and below). 
Pre-irradiation with UVA also rendered the skin tolerant 
with little erythema observed (right, middle and below). 
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were exposed to 2 MWDs of eliciting radiation. “hen wealing and erythema had subsided, 


2-3 h later, the same sites were exposed to el.citiag radiation again. 





Studies on the mechanism of tolzrance 
A volume (0-1 ml) of the patients’ im vitro-ircadiated serum or plasma, 01035% codeine 
phosphate, and 0-001°,, histamine in phesiologica. saline solution were injected intradermally 
into separate sites where tolerance had been mdueed by repeated exposures to eliciting 
radiation, and also into normal skin. 

Serum or plasma (0-1 ml) frem the patent was: vitro-irradiated and intradermally injected 
into the skin of the back of the same patient, and ecual amcunts of the irradiated serum or plasma 
were injected into the same sites : and 2 5 later. Twenty-four hours after the last injection, the 
test sites and contralateral contred sites were exposed to 2 MWDs of eliciting radiation. 





RESULTS 


Action spectrum studies 

Case 1. The action spectrum ranged from 320-254 nm. Phototesting with UVB was negative. 
Wealing was induced by irradiation with the solar simulator using GG 400 or GG 42o filters. 
Irradiation with the solar simulator plus GG 455 or GG 475 was negative. The MWD of 
polychromatic UVA (UVASUWN 3000. 730-460 am) and of visible light (solar simulator plus 
WG 420) was 2 and 10 J/m’, respectively. 


Case 2. The action spectrum ranged from 400 +o 495 nm. Phototesting with UVA and UVB 
was negative. Wealing was induced by :rradiatiom with the solar simulator in combination with 
each of the filters GG 400, GG 420, GG 455 or GG 475. Irradiation with the selar simulator 
with GG 495 or OG 515 filters was negatrve. The MWD of visible light obtained from the solar 
simulator filtered with GG 420 was 4c Jicm*. 


TABLE 1. Experimental proof for proposed mechanism of 
TOETATE 








Mode of inducing Type of 


tolerance chaLenge Result 
Eliciting radiation Histamine Urticaria 
Eliciting radiation Coceine Urticaria 


Eliciting radiation 





None (control) 


patients’ plasma 


In vitro irradiated 
patients’ pisama 
In vitro ivraciated 
patients’ plasma 


la mitro radiated 
patients plasma 
In gitre rradiated 
patents masma 
(Fig. 1) 

In witro rradiated 
patents plasma 
(Fig. 1) 

Eliciting sadiatior 
(Fig. 2) 

Coceine 


No urticaria 


Urticaria 


No urticaria 


No urticaria 


Urticaria 
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In vitro irradiation of serum and plasma 

After 20 min, irradiated serum produced a weal surrounded by erythema in case 1. In case 2, 
only the irradiated plasma and not the irradiated serum induced a positive reaction. Non- 
irradiated serum and/or plasma yielded negative results. This examination was repeated twice 
on the skin of the back of both patients, with similar results. 


Induction of tolerance 
Three exposures were required until the skin became tolerant. Tolerance lasted for 3 days and 
on day 4 weal and flare were the same as before. 


Studies on the mechanism of tolerance 

Injection of irradiated serum or plasma into unexposed skin produced a definite weal 
surrounded by erythema within 30 min. Injection of irradiated serum or plasma into tolerant 
skin led to a barely perceptible weal, which subsided 30 min after injection. Both tolerant skin 
and unexposed skin, however, demonstrated the same reaction to injection of histamine or 
codeine. 

The first injection of irradiated serum or plasma into unexposed skin was followed by a 
prominent weal and flare. The second injection into the same site caused a somewhat smaller 
weal. No detectable weal and flare followed the third injection (Fig. 1). Irradiation 24 h later 
with eliciting wavelengths induced wealing and flare in contro] sites but neither erythema nor 
wealing was found at the sites where serum or plasma was injected (Fig. 2). Injection of 0:035% 
codeine phosphate, however, induced definite urticarial weals at these test sites. The results of 
our experiments are summarized in Table r. 
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of solar urticaria. 
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It has been assumed that irradiation of the patients” serum or plasma with eliciting radiation 
produces a photoproduct which induces a weal and fare reaction. As suggested by Horio,’ this 
might act as a photoallergen inducing an immediare type hypersensitivity reaction. Thus, solar 
urticaria may develop in the manner outlined in F sure 3. A photoallergen is formed from a 
precursor in the patient’s skim by irradiation. Ar IgE-mediated hypersensitivity to the 
photoallergen then develops with binding of specifie IgE to mast cells in the skin. Subsequent 
irradiation of the skin elicits an allergic reaction of the immediate type with a weal and flare 
resulting from the release of histamine from mast cells. 

From this hypothesis we have tried to explain the mechanism by which tolerance is induced. 
In this study, as in that of Keahey et al.’ weal ead flare responses to injected histamine and 
codeine were unaltered in tolerant skin compared +o the normal skim. Keahey et al. showed on 
electron microscopy intact mast-cell granules in the tolerant skin and we have confirmed this 
observation in another patient.* These findings saggest that mast well mediator cepletion and 
histamine tachyphylaxis are not responsible for the inhibition of solar urticaria. In vitro- 
irradiated plasma containing the photoallergen wus found to produce an urticarial reaction in 
the unexposed skin of the patients but failed to produce a reaction at sites tolerant to radiation, 
indicating that tolerance is not due to exhaustion of she photoailergen in the skin. In-addition, we 
were able to demonstrate that repeated injections of serum or plasma activated by in vitro 
irradiation also induced tolerance to eliciting radiation but, again, weal and flare responses to 
intradermal codeine were unaltered in toleran: skin. This incicates that elevation of the mast- 
cell degranulation threshold due to direct exposure oO mast cells to UV -irradiation can be ruled 
out as the underlying mechanism of tolerance. It i Lkely that the binding sites of IgE on mast 
cells remain occupied by the photoallergen during the state of talerance and IgE-mediated 
histamine release from mast cells is blocked. 
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SUMMARY 


Using a newly developed suction device, the mechanical properties of forearm and vulvar skin 
were studied in 22 healthy women, 12 before and xro after the menopause. The ratio between 
viscous deformation (Uv) and elastic deformation (Ue) and the biological elasticity, i.e. the ratio 
between immediate recovery (Ur) and total deformation (Uf), were both significantly lower in 
vulvar than in forearm skin. Ur/Uf decreased significantly with load in vulvar, but not in 
forearm skin, whereas Uv/Ue was not load-dependent in either site. Uv/Ue remained constant 
with age in both test sites, whereas Ur/Uf was significantly lower in post-menopausal women in 
both forearm and vulvar skin. In vulvar, but not in forearm skin, Uv/Ue was significantly 
correlated with body height which may be an indicator of mechanical connective tissue 
properties. Viscous deformation plays a lesser role and biological elasticity is decreased in vulvar 
compared to forearm skin. Despite differences in mechanical parameters at both sites, age- 
related changes seem to be similar. 


During the past two decades, much progress has been made in the understanding of mechanical 
properties of the skin. The influence of physiological variables such as age, sex and skin 
thickness on the rheological properties of skin have been studied, and disease- and drug-induced 
changes in the biomechanics of skin have been characterized. The mechanical properties of 
genital and especially vulvar skin, however, have not attracted interest, which may be partly due- 
to problems of instrumentation. This skin is subject to considerable mechanical stress in sexual 
activity and in childbirth, and vulvar skin provides a unique model for the study of age- and 
hormone-related changes without the interference of actinic damage. 

As part of an ongoing project on the characterization of vulvar skin as a model for specialized 
skin, we have studied the mechanical properties of vulvar and forearm skin in pre~ and post- 
menopausal women. 
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Standards for determination of mechanicad properties of skin 

In an attempt to define international standards for measuri wphysical properties of skin, a list of 
variables to be controlled or measured in in-vroe experiments was proposed at the Cardiff 
Symposium on Bioengineering and the Skin in ¥979.° The variables include instrument-skin 
interaction, skin thickness, demographic parameters of the study population and methods of 
data reduction. This report follows the above standards. 





Study population 

Twenty-two healthy female volunteers, 12 premenopéusal and 10 post-menopausal, gave 
informed consent to enter the study, which had been approved y the UCSF Committee for 
Human Research. The premenopausal women were between 28 and 49 years of age (mean 34:1, 
SEM 1:6 years) and the post-menopausal women were between z5 and 78 years (63:3 +21 
years). Before the study, body height and weight were measured smd a gynaecological history 
taken. 


Measurements 

All measurements were performed after the subjects had been physically inactive for at least 15 
min. Before measurements were made on vulvar skin, heirs were cupped off the labia majora. 
‘The measuring sites were the velar side of the forearm mic way between the wrist and the elbow, 
and the centre of the labium majus. All experiments were performed under neutral 
environmental conditions (room temperature 19-23°C, relative humidity 45-55"). 


Suction device 

The mechanical properties of the skin were evalusted using a recentiy developed skin elasticity 
meter (Cutometer SEM 474, Courage and Khazeka, Cologme, F.R-G.), which is based on the 
suction method. A vacuum is applied perpendicularly to the skin surface and the resulting skin 
deformation is measured. Since the test area is only about 3 mm7?, the contribution of the dermo- 
subepidermal interface to the deformation, a drawback with previous, much larger suction 
devices, is negligible. The smal! size of the test area is essential for studies in vulvar skin, which 
is not uniform in its mechanical characteristics. The main unit of the meter contains a pump 
generating a vacuum of up te soo mbar, the pressure sensor amd the electronical circuit 
controlling the pump and the analog/digital data senversion. A hand-held probe is attached to 
the main unit with two rubber tubes and the suctiem head is-centred in the probe shield. It has a 
2-mm circular opening for application of the vacwan to the skin anc is fitted to a spring, which 
ensures that the head is applied to the skin with constant pressure. The skin deformation is 
measured with an accuracy of ooa mm and at a frequency af 100 Hz. 

The Cutometer must be linked to an IBM PC/AT or compatible computer through the RS 
232 serial interface, and it is completely controlled from the computer. A control program is 
provided by the manufacturer. Two measuring modes are available. a stress/strain mode and a 
time/strain mode. In the stress/strain mode, the vacuum is mcreased from o to 500 mbar over a 
chosen period of time, and the deformation (in mm) is displayed as a function of negative 
pressure (in mbar). In the time/strain moce, a chosen vacuumzis applied for a chosen time period 
and the deformation is displayed as a function of time. 

In this study, the time/strain mode was used. Tbe vacuum t = load) was applied to the skin for 
a period of 5 s followed by a 3 s relaxation time. The skin deformaticns in response to the second 
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FIGURE 1. Typical registration of an experiment with the Cutometer on vulvar skin, A load (vacuum) of 
§00 mbar was applied for § s followed by a 3 s relaxation period. The parameters used to describe the 
deformation are as follows: Ue is the instantaneous deviation length, Uv is the viscoelastic and viscous 
deviation length (creep), Uf is the final deviation length and Ur is the instantaneous recovery length. 


and each following suction period are similar, but are different from the first deformation, which 
is considered to be the preconditioning phase,” and was not evaluated. Recordings were made 
for three vacuum settings, 100, 300 and 500 mbar and the recording of a typical experiment is 
shown in Figure 1. The deformation of the skin during a loading cycle resembles that observed 
with other methods.*~’ The deformation curve is composed of a fast deformation representing a 
purely elastic part, followed by a viscoelastic and finally purely viscous part. The same elements 
can be differentiated in the retraction of the tissue. 

The nomenclature proposed by Agache et al.+ was followed which defined Ue as the 
immediate deformation or skin extensibility, Uv as the delayed distension, Uf as the final 
deformation, and Ur as the immediate retraction. The Cutometer program offers a cursor mode 
for the measurement of these parameters directly from the graphical display. However, in order 
to reduce investigator bias and to automate data reduction, we transferred the acquired raw data 
to a spreadsheet (Lotus 1-2-3) and extracted the parameters in a standardized manner for all 
experiments. The values at 90 ms after application and removal of the load were taken as the 
immediate reaction values (Ue and Ur). 


Presentation of results 
All of the parameters Ue, Uv, Uf and Ur are a function of skin thickness and the results should 
be standardized for skin thickness. ©° In a preliminary study, skin thickness measurements were 
performed in forearm and vulvar skin with an A-scan ultrasound (Sonometrics DBR 300, 
Ocuserv, West Orange, NJ, U.S.A.) in a modification of the method described by Alexander and 
Miller.’ In contrast to forearm skin, inter-assay and inter-investigator variance of skin thickness 
measurements was unacceptably high for vulvar skin, due to the fact that the echo of the dermo- 
subdermal interface was more difficult to identify at the vulva. This finding reflects the 
histological observation that in vulvar skin the deep dermal boundary as determined by the 
diameter of blood vessels is far from distinct.'° 

This problem was overcome by analysing ratios of the above parameters instead of the 
parameters themselves. Certain ratios of these parameters are biologically meaningful, do not 
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depend on skin thickness and can be compared between sites and subjects.>*:!! The following 
ratios were computed: Uv/Ue is the ratio between delayed and immediate deformation and 
indicates the relative contributions of the visccelastic plus viscous amd the elastic deformation to 
the total deformation. Ur/Uf, the ratio of immediz<e retraction to the total deformation, is called 
biological elasticity.* Since it was found that the -atio Ur/Ue* closely paralleled Ur/Uf in our 
study, results of Ur/Ue are not presented. 








Statistical methods 

Statistical computations were performed with a statistical package (spss-pc+!™™, SPSS, 
Chicago, IL, U.S.A.) on an IBM XT -comparibic computer. Differences between means were 
checked for significance using Student’s z-testforpaired Gata ‘procedure T-TEST). The influence 
of the independent factors load, menopausal satu», height, weight, and number of births on the 
dependent variables Uv/Ue and Ur/Uf was evaiuiated using ana ysis of variance (procedure 
ANOVA). 





RESULTS 


Uv/Ue, the ratio between the viscous and the elastx deformation of the skin, was approximately 
o-§ in forearm skin (Table 1), and'was sigaificantl lower in vulvar skin (approximately o-2) for 
all load settings. The age-dependence of Uv/Ue is shown in Figure 2 with no significant 


A 





differences between the age groups. This was comrmed by tae results of the variance analysis. 
However, there was a significant positive correlztion between the height of the women and 
vulvar Uv/Ue, with the taller women having higher Uv/Ue values, whereas none of the other 
independent variables tested influenced Uv/ Ue significantly in vulvar or forearm skin (Table 2). 

Ur/Uf, the biological elasticity, was significanti ‘ewer in vulvar than in forearm skin for all 
loads (Table 1). Whereas forearm Ur/Uf showed ao variation with the pressure setting, vulvar 
Ur/Uf was negatively correlated with the loac, i.e. the higher the deformation, the smaller the 
proportion of the immediate recovery. Figure 3 «hows the mfluence of age on Ur/Uf, which 
seems to be of the same magnituce for vulvar ane. forearm skin and does not change with the 
load: the Ur/Uf ratio in post-menopausal wemes is 0:15-0 20 lower than in premenopausal 
women. The variance analysis confirms this, sawing thet menopausal status is a factor 


TABLE 1. Mechamica! pararmscters of forearm anc 

vulvar skan (n = 22). Load iske vacuum applied to 

the skin. Results are given as rwan + SEM. P= pre- 
bability of emor ts the t-test 





Loac 
‘mbar? Forearm Vulve P 


UvyUle 100 G47 tO OF O25+002 <OOr 
Uvle 300 4g boos GO 214002 <0O-0C8 
UviUe §00 @sI+004g 0224002 <O- 00m 
UriUf 100 @76+0-07 o874003 <0-05 
Uri/Uf 300 O77 bo-OF S47 +004 <0-0CH 
UriUF §00 G78 toog O47 +004 <0 00% 
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FIGURE 2. Influence of load (vacuum applied to the skin) on Uv/Ue in forearm and vulvar skin of pre- and 
post-menopeusal women. Uv/Ue is higher at the forearm than at the vulva in both pre- and post- 
menopausal women, but load does not influence Uv/Ue significantly at either site. Age-related differences 
are not apparent. —Cl—, forearm, premenopausal; -—E—-, vulva, premenopausal; —O—., forearm, post- 
menopausal; —-@—, vulva, post-menopausal. 


TABLE 2. Variance analysis (ANOVA) of Uv/Ue In forearm and 
vulvar akin (# = 22). The results of the variance analysis with 
Uv/Ue as the dependent variable and load, menopausa! status, 
height, weight and births as the independent variables, The test 
for mam effects evaluates whether any of the independent 
variables influences the dependent variable significantly. If so, 
the percentage of variance of the dependent variable explained 
by the independent variable and the significance of a contribu- 
tion of that variable to the total variance is computed. P = probe- 
bility of error in the F-test; NS, not significant; NA = not 
applicable, since test for main effects not significant 


Forearm* Vulvat 

%o variance % variance 
Variable explained explained P 
Load NA 3 NS 
Menopause NA o NS 
Height NA 27 <0 OOI 
Weight NA <I NS 
Births NA 3 NS 


Ter for main effects * P, NS; ț P, <0 oo1. 


influencing Ur/Uf significantly in both the forearm and the vulva, and that in vulvar, but not in 
forearm skin, the load is a second significant factor (Table 3). 
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FIGURE 3. Influence of load (vacuum appliad to theskio on Ur/Ufin forearm and vulvar skin of pre- and 
post-menopausal women. Ur/Uf is higher at the forearm than at the vulva im both pre- and in post- 
menopausal women. Ur/Uf decreases with the increase «x load in vulvar, but mot in forearm skin. Key as 
for Figure 2. 


TABLE 3. Variance analysis (aNova) of Ur/U" ieforearm and vulvarskin (= 22). 
The results of the variance analysis with Us/Uf as the dependent variable and 
load, menopausal status. height, weight and’tieths as che independent variables. 
The test for main effects evalmates whether any of the independent variables 
influences the dependens variable significansly. If so, the percentage of variance 
of the dependent varisble explained by “he independent variable and the 
significance of a contribution of that variabie tothe total variance is computed. 
P = probability of errer in the F-test, NS, not significant 


‘erence naana inane nannies terreno ene 











Forearm* Vulva 
2. Variance %2 variance 

Variable explained FP explained P 
Load D NS 22 <O-001 
Menopause sD TOON 21 <O-0001 
Height 2 NS < NS 
Weight 2 NS 4 NS 
Births 3 NS <I NS 








Test for main effect * P, < c-o01; + Py crol, 


LISCESSEON 


Numerous methods have been developed for the evaluation of mechanical properties of the skin, 
including tensile, torsional, elevation, indentation, suction and vibration tests, which makes it 
difficult to compare results.: However, there « genera: agreement that the mechanical 
properties of normal skin depend on skin thickmess, age and sex, and skin thicknessis a function 
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of body region, age and sex. This study quantitatively describes the significant differences in 
mechanical behaviour between forearm and vulvar skin for the first time. 

Viscoelastic and viscous deformation (Uv) contributed far less to the total deformation (Uf) 
in vulvar compered to forearm skin. Since the viscous part of the deformation is attributed to the 
displacement through the fibrous network of the interstitial fluid containing highly viscous 
glucosaminoglycans,'? and the elastic part is linked to the stretching of collagen and elastic 
fibres, the lower Uv/Ue of vulvar skin indicates that the biochemical composition of the dermis 
at the vulva is different from that at the forearm. Body height was found to be significantly 
correlated with Uv/Ue of vulvar skin, and more attention should be paid to this parameter which 
may be an indicator of mechanical connective tissue properties. 

The biological elasticity Ur/Uf of vulvar skin is significantly lower than that of forearm skin, 
especially at higher loads. Since this parameter is correlated with the function of the elastic fibre 
network, elastic fibres are either less abundant or functionally different in the vulva. Vulvar skin | 
appears to be an area of ‘pre-aged skin’; its biological elasticity in younger women resembling 
the forearm skin of older women. The significant decrease of Ur/Uf with load probably reflects a 
higher extensibility of vulvar skin, which is not equalled by elastic fibre network retraction. 

The results of the many studies on changes in mechanical properties of the skin during the 
process of aging are confusing and sometimes contradictory. For loads parallel to the skin 
surface, however, evidence is growing that the immediate distension Ue, when standardized for 
skin thickness, remains fairly constant in adulthood, until it decreases in the eighth decade 
indicating a higher skin stiffness.!/ The ratio between the viscous part Uv and the elastic part Ue 
had been reported to rise progressively with age,’! but this finding was not reproduced in a 
recent study by the same group (Escoffier et al., unpublished data). The results obtained here 
with a load perpendicular to the skin surface do not indicate age-dependent changes of Uv/Ue, 
but our post-menopausal group with a mean age of 63:3 + 2'1 years may have been too young to 
detect these changes. The biological elasticity Ur/Uf decreases with age,'? which was confirmed 
by our observations, and age-related Ur/Uf changes in vulvar skin do not seem to differ from 
those in forearm skin. The age-dependent decrease of Ur/Uf is explained by marked changes in 
the elastic fibres, such as increased porosity and disintegration, and of the elastic fibre 
network.!3-!4 

Since hormone receptors are abundant in the vulva, it may be that, in addition to age, sex 
hormone levels modulate mechanical parameters of vulvar skin. A recent study on forearm skin 
in premenopausal women reported variations in the extensibility during the menstrual cycle. 
Our grouping of volunteers into pre- and post-menopausal women combines the factors of age 
and sex hormone levels. However, since differences in Ur/Uf in vulvar and forearm skin of pre- 
and post-menopausal women parallel each other, hormone-related changes, which would be 
more visible in the vulva, do not seem to occur for Ur/Uf. 

It is remarkable that childbirth, although a major mechanical trauma to vulvar skin, does not 
seem to be a variable influencing Uv/Ue or Ur/Uf, which may reflect the presence of an effective 
repair mechanism. The changes of mechanical properties in vulvar skin during and after 
pregnancy and delivery might provide a model for the study of connective tissue damage and 
repair. 
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SUMMARY 


Changes in skin blood flow and haemoglobin content of port wine stains and clinically normal 
contralateral skin were determined by laser-Doppler flowmetry and reflectance spectrophoto~ 
metry in 14 patients after application of a vasodilating cream containing methyl nicotinate 1:0%, 
glycol salicylate 10°0% and capsaicin BPC 0-1% (Algipan cream) and in 16 patients after 
application of a corticosteroid tape containing flurandrenolone (Haelan tape), Changes in blood 
flow measured after application of vasodilator cream were significantly reduced in port wine 
stains compared with contralateral skin (P <o-o1). After application of the vasoconstrictor 
steroid tape changes in blood flow were significantly reduced in the port wine stains (P < 0-05) 
and changes in haemoglobin content were also significantly reduced in the port wine stains 
compared with normal skin (P < 0-05). These results support the concept of reduced autonomic 
innervation of cutaneous vasculature in port wine stains. 


The development of laser therapy as a successful treatment of port wine stains, has led to 
renewed interest in these vascular naevi which affect 0-3-1% of the population.!-? The ectatic 
dermal blood vessels characteristic of port wine stains have an increased erythrocytic content 
which correlates with the clinical appearance of the naevus.’ This ectasia is progressive with age 
and results in change in colour of the naevus from pink to purple. The ectatic dilatation occurs in 
the most superficial 0-8 mm of the dermis and involves mature dermal blood vessels that stain 
normally with antibodies directed against vessel walls.* The naevi often follow the distribution 
of sensory nerves, most commonly the trigeminal. Smoller and Rosen? have demonstrated a 
reduction in perivascular nerves in port wine stains which led to the suggestion that port wine 
stains are due to an abnormal neural regulation of blood flow. This defect is likely to be 
autonomic in nature as there is no sensory loss over the naevi. ‘This impaired neural regulation 
has been confirmed in two patients with port wine stains of the limbs.°® 

In a previous study, we demonstrated the value of laser-Doppler flowmetry and reflectance 


Correspondence: Dr S.W.Lanigan, Department of Dermatology, Bridgend General Hospital, Quarella Road, 
Bridgend CF31 1JP, Mid Glamorgan. 
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lange in port wine stains.’ We were also able 
to demonstrate that the normal skin n patients with pert wine stains responds in a similar 
manner to that of controls. In this study we investigated the vascular reactivity of port wine 
Stains to the percutaneous application of vascactri ve substances and compared them with the 
normal contralateral skin. 











Patients 

The responses to the application of a vasodilator cream were assessed in 14 patients with a port 
wine stain, and the responses to the application of a vasoconstricter tape was assessed in 16 
patients. This group included three patients whe had been assessed after application of the 
cream on a separate occasion. The details of the patients are showa in Table 1. None of the 
patients was currently taking medication, mor had they smoked, eatemor had a drink for 2h prior 
to measurements. 





Measurements 

All subjects were equilibrated ir: the laboratory for 30 min prior to measurements. Changes in 
skin colour were assessed by observation, photography and refiectance spectrophotometry in all 
patients. The latter provides a reproducible objective measurement of the total haemoglobin 
content of skin and its contribution to skin colour ie the area assessed.” ? Cutaneous blood flow 
was measured using laser-Doppler flowmetry (Perimed, Stockholm, Sweden) in 17 patients. 
This instrument provides a reproducible and objective measurement of blood flow as a function 
of number and speed of movement of red blood cells in the area assessed, measured in mV.!9!! 
It is impossible to ascertain whether changes im fewmetry are dwe to changes in absolute 
number of red blood cells or absolute changes in their flow rate. However, as reflectance 
spectrophotometry measures total haemogiobin corent of skin, it may be inferred that changes 
in this index reflect changes in red cell number. 


Vasodilator responses 

The vasodilator cream used was the topical rubrifacent, Algipan®, ccataining methyl nicotinate 
1-0°%, glycol salicylate 100%; and capsaicin EPC 9-r%,. It produces a prompt erythematous 
reaction based partly on a direct effect on the cutaneous vasculature, and also via cutaneous 
nerves.!? 


TABLE 1. Patient details (n = 27, three patients are in both groups) 


oaeaeerectneeeeten entree eet rreninnantnartnematenpennc 


Vasec lator group Vasoconstricter group 
(a= 16) 
Site Malein=6) Female @=8) Male (m= 5) Fernede (n= 11) 


rari ttt b heee i a iier ai A sive al ae permanan ee es tere nse, a er at i tn al et re 


Face 4 & 5 HI 
Arm Bite - _ ~~ 
Chest I — _ — 
Leg — I -< -= 
Back — I — -== 
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A circle 9:6 cm? in area was marked out in the centre of the port wine stain and on the 
contralateral skin using the plastic template for the laser-Doppler probe. Baseline readings were 
taken from the centre of this area. 0-2 cm? of the Algipan cream was rubbed uniformly into the 
two areas and removed after 3 min by gentle wiping. Measurements were taken from 5 to 10 min 
after initial application of the cream and the maxima recorded. Readings immediately after 
application of the cream were avoided since mechanical stimulation of the cutaneous circulation 
from rubbing may produce a prompt increase in blood flow as measured by laser-Doppler 
flowmetry, which falls after 5-10 min (S.Lanigan and P. Dowd, unpublished observations). 


Vasoconstrictor responses 
Flurandrenolone tape (Haelan tape®) provides a quantifiable dose of corticosteroid (4 ug/ml?) to 
the area assessed and enables assessment of vasoconstriction in the area. Corticosteroids 
produce vasoconstriction by enhancing vascular reactivity to locally released noradrena- 
line, 1314 

Patients with port wine stains attending for laser therapy were sent pre-cut strips of 
flurandrenolone tape measuring 2°5 x 3:5 cm, with a letter instructing them to apply the tape to 
an untreated area of port wine stain and to the contralateral normal skin 12 h before their 
appointment time. At their appointment and before removal of the tape, measurements were 
made as above on adjacent untreated port wine stain and contralateral normal skin. If the tape 
was inappropriately placed so that adjacent measurements were impossible these patients were 
not included in the study. Measurements were repeated in the areas under the tape 15 min after 
the tape had been removed. 


Statistical analysts 
Statistical analysis was performed by an analysis of variance and Newman-Keuls tests on logged 
data when comparing means of groups, and the Wilcoxon’s rank sum test applied to paired data. 


RESULTS 


Visual changes 

It was possible to observe pallor at sites of tape application, especially in normal skin, and 
erythema at sites of Algipan application. It was difficult to assess erythema in many port wine 
stains because of background colour. The changes observed are shown in Table 2. 


Vasodtlator responses 

Measurements of reflectance spectrophotometry and laser-Doppler flowmetry in normal and 
port wine stain skin before and after application of the vasodilator cream are shown in Table 3. 
Both indices were significantly elevated in port wine stains with or without vasodilator when 
compared with normal skin. This difference was lost after application of the cream to normal 
skin and the mean blood flow exceeded that of the port wine stain. In addition, there was a 
significant increase in mean blood flow after application of vasodilator cream to normal skin, but 
not in port wine stains. 

The percentage change in each variable measured at each site was calculated, with an increase 
in redness or blood flow after application of the cream as a positive result (Fig. 1). The response 
to vasodilator was reduced in port wine stains compared to normal skin. The percentage increase 
in blood flow was significantly greater in normal skin compared to contralateral port wine stains 
(P=0:01). The percentage change in blood flow (all figures positive) was also significantly 
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TABLE 2. Obserwed changes 
A ANENE EE a oh 





Group effect Sumber 
Vasodilator ( = r4) 
No effect 
Egual redness 
PWS* more red 
Normal skia mere red 
Normal skin red. 
PWS no change 10 


N OON 


Vasoconstrictor (m= 13) 
No effect 
Equai pallor 
PWS paler 
Normal skina pager 
Normal skia paled, 
PWS a0 change 6 
AN OEN E 


F a E a 


* PWS, port wine stzin 


TABL: 3. Vasodilator gresy measurements 








Mean 
Group (93% comidence limits) 


nearer amen Mayda Aer amare Ata bem neha ity AA aM em EL Ah ARRAN A 








Reflectance spectrophotometry (a = 14)* Absolute units 
t Normal skin 125-5 (912—1618) 
2 Normal skin + vasodilaser 198-2 (177-1987) 
3 Port wine stain 2023°7 (1677-2397) 
4 Port wine stain + vasod later 2203 (193-2-252°4) 


Laser-Doppler fowmerry (x = 11} mV 
I Normal skin 22:2 (14° 1-303) 
2 Normal skin + vasodilaser 853 (4C 1-925) 
3 Port wine stain 33 (26°5~49-1) 
4 Port wine stain + vasod lator 55-7 (420-704) 


TAAA ATERAINO AEEA REST NNO A NANCE iiA AAO 


* Significant differences (P < 6-04): 1 vs 3, 1 VS 4. 
t Significant differences (P< 305): 1 VE 2, 1 VS 3, 1 VE 4. 











greater in normal skin compared to pert wine stain (P < >01). Whilst the difference was not 
significant (P < 0-0§2), the increase in haemogloben content measured by reflectance spectro- 
photometry tended to de smaller in the cort wine stain when cempared with normal skin. There 
was no difference in the percentage-change in heemsgiobin content (all figures positive) between 
normal skin and port wine stains because ef the larze reduction in one port wine stain. It can be 


seen that a reduction in haemoglobin cortent and blood flow after application of vasodilator 
occurred in two port wine stains. 
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Normal san PWS 


lOO] Normal skin PWS 
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FIGURE I. Vasodilator studies. Percentage increase in normal skin and port wine stains (PWS). 


TABLE 4. Vasoconstrictor group movements 


Mean 

Group (95%, confidence limits) 
Reflectance spectrophotometry (m 16)* Absolute units 

1 Normal skin 117 § (79°3-155°7) 

2 Normal skin + vasoconstrictor 97 3 (57:2-137 4) 

3 Port wine stain 213:8 (158 2-269 4) 

4 Port wine stain + vasoconstrictor 194°5 (156°3-232-7) 
Laser-~Doppler flowmetry (n = 6)+ mY 

1 Normal skin 25:3 (103-403) 

2 Normal skin + vasconstrictor 23 2 (13:8-32 6) 

3 Port wine stam 61:6 (11'9-1II1'3) 

4 Port wine stain + vasoconstrictor 61 § (167-106 3) 


* Significant differences (P < 0-045): I va 3, I VB 4, 2 V8 3, 2 V8 4. 
+ Analysis of variance: F = 3:27 (P = 0-042), no significant differences. 
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Normal skin PNS 


0 g skin PWS 


Percentage change 
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Reflectance «pectroshctametry Leser-Gooppler flowmetry 


FIGURE 2. Vasoconstrictor studies. Percentage reducuen in normalskin and port wine stains (PWS). 


Vasoconstrictor responses 
Measurements of skin colour and bloed flow in per: wine stains and normal skin in areas with 
and without tape are shown in Table 4. Applcation of Haelan tape resulted in reduced 
haemoglobin content of the normal skin and of the port wine stain which was net significant. 
There were no significant changes in szin blocd flew as measured by laser-Doppler flowmetry. 
The percentage reduction in blood flow and haemoglcbin content induced by the tape was 
calculated at each site, with a decrease in flow or reflectance es a positive result (Fig. 2). There 
was a significantly greater percentage reduction in haemeglobin content as measured by 
reflectance spectrophotometry in normal skin compared with port wine stains (P < 0:05). This 
difference was sustained when comparing percertage change (all figures positive) (P< 0-05). 
‘There was no significant difference in she reductien in blood Aow in normal skin and port wine 
stains. It can be seen that in three patients there was a large iacrease in blood flow at the site of 
tape application and the percentage chenge in bloed flow ‘all figures positive) was significantly 
greater in normal skin compared with contralateral port wine stains (P < 0-05). 








DISCUSSION 


It is of value to be able to measure changes m pert wine stains objectively both in assessing 
responses to therapy and providing further mfosmation on the pathogenesis of these naevi. 
Non-invasive methods have included photograpay, thermography,'> transcutaneous micro- 
scopy, ‘° reflectance spectrophotometry'!’ and laser-Doppler dowmetry.'® Reflectance spectro- 
photometry and laser-Doppler flowmetry were used in this study as they provide reliable and 
reproducible measurement of skin colour and cutaneous blood flow. 

The aims of this study were to investigate the vascular responsiveness of port wine stains and 
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contralateral normal skin to a known vasodilator and vasoconstrictor. If the neural modulation 
of port wine stains is reduced it was hypothesized that the responses to vasoactive agents would 
be quantitatively different within these naevi. Our results show a statistically significant 
reduction in the response of port wine stains to vasodilator and vasoconstrictor stimuli when 
compared with contralateral clinically norma! skin. 

As the stimuli were applied percutaneously it is possible that the impaired responses in port 
wine stains were due to reduced absorption of the drugs. However, as the only histological 
differences between normal skin and port wine stains are the ectatic blood vessels in the dermis, 
this possibility is unlikely. A further explanation of these results is that the absorbed vasoactive 
agents are removed from the area more rapidly by the increased circulation in the naevus. This 18 
unlikely, as the time to maximal vasodilation and resolution induced by Algipan was similar in 
port wine stains and normal skin. Because port wine stains and normal skin have different 
vascular anatomies, they will have different optical properties of the dermal layer which may 
result in altered penetration of the light into tissue. However, as haemoglobin is the major 
chromophore for both optical instruments, interaction with the incident light beams should 
occur at similar tissue depths. It may be that significant vascular changes are occurring deep 
within a port wine stain that are not measured by the instruments. It would remain the case, 
however, that the responses of the superficial vasculature are impaired. 

Another explanation for the results would be a reduction in noradrenaline receptors on the 
vessel walls of port wine stains. This would explain both the ectatic nature of the vessels and also 
the impaired vasoconstriction, but not an impaired vasodilatory response. Finally, and most 
likely, these results are consistent with an impaired neural control of-vascular reactivity within 
port wine stains.” Both vasodilatory and vasoconstrictive reactions were reduced, but not 
absent, suggesting a general reduction in autonomic control. 

Cutaneous blood flow is under neural control with predominantly a vasoconstrictor tone at 
rest’? with an important vasodilator system, particularly of the face, which causes increased 
blood flow in heat regulation.'* It is of interest that patients with trigeminal ganglion ablation 
have a marked cutaneous flush. In some patients, the response to Algipan cream presented an 
appearance in their normal skin indistinguishable from their port wine stain. It was not possible, 
however, by vasoconstrictor application to alter the appearance of the port wine stain to that of 
normal skin. It is possible to completely blanch a port wine stain by intralesional injection of 
noradrenaline, but the threshold is higher than contralateral normal skin (unpublished 
observations). It is possible to both increase and decrease blood flow in port wine stains, so the 
ectatic vessels are unlikely to be fully dilated. 

In conclusion, we have demonstrated an impaired vasoactive response in port wine stains to 
both vasodilating and vasoconstricting stimuli. This supports the theory of a reduced neural 
control in the pathogenesis of port wine stains. In addition, these results suggest that the 
pharmacological modulation of port wine stains to improve their appearance may prove 
difficult. 
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SUMMARY 


We deduced on theoretical grounds that conventional patch testing would be inadequate for the 
detection of sensitivity to multiple allergens. Fourteen patients with positive patch tests to two 
unrelated allergens were studied and the response to those two allergens was measured when 
tested singly or in combination, using 10 different pair combinations from 15 common allergens. 
With serial dilutions in chloroform (14 patients) and paraffin (four patients), the response was 
related to the log—dose of the allergen, and change in skin-fold thickness corresponded well with 
clinical grading. Single allergens diluted below the threshold for a patch-test response gave a 
response when given in combination, the threshold for a response to one allergen being lowered 
by the presence of another. On the linear part of the dose-response curves the response to the 
mixture of allergens was additive, the combined response being the sum of the individual 
components. Approaching the plateau region the response to the combination was greater than 
to the individual allergens but less than the sum of the single responses. The same results were 
obtained with allergens in paraffin. We conclude that conventional single allergen patch testing 
by itself is inadequate for the diagnosis of contact dermatitis. 


This study arose from the discovery, on purely theoretical grounds, of a major defect in methods 
of testing for contact allergy. Since it has been shown that elicitation of a patch-test response is 
log—~dose related’? it follows that some sensitized subjects will have a negative patch test, the 
frequency of such an occurrence depending upon the balance of sensitivity and the eliciting 
concentrations.? It follows that patients who are sensitized to more than one antigen, but to a 
degree insufficient to produce a positive patch test to one or more of them alone, would react toa 
combination of antigens by the simple summation of their independent sensitivity responses. 
Since it had already been shown that multiple allergies are common, their occurrence 
corresponding to the variation in degree of susceptibility to sensitization within a population,’ it 
was concluded that existing methods of patch testing with single allergens would prove 
inadequate for the detection of sensitivity in patients with multiple sensitivities. We believe that 
this explains why negative responses occur with patch testing where there is a high index of 
clinical suspicion and when the patients themselves associate the disorder with a particular 
623 
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application’? and also when the dermatitis may indeed ir prove with the aveidance of the 
application. 

The response to common allergens, applied sengly and in combination, was measured using 
both the standard subjective methods ef application and grading of response used for patch 
testing, and a more accurate app ication of allergen with an object: vely measured response, the 
use of which we have already established.’ 


METHODS 


Patients 

We studied 14 patients who were known to have positive reactions by standard patch testing 
procedures to at least two unrelated allergens <ncown not to cress react or have a common 
association. A total of 15 differemt al ergens were used from the standard batteries of common 
allergens (nickel, cobalt, thiuram mux, neomyc:n, lanolin, fragrance mix, paraphenylenedia- 
mine, morpholinyl mercaptobenzothiazale, quiroline mix, Balsara of Peru, potassium dichro- 
mate, diethyl dithiocarbamate! zinc, aze yellow. seframycin, propylene glycol). 


Allergens in solution 

Fresh solutions were made up immediately befor: the application cf test patches to the patients. 
Nickel sulphate was made up as 2 20%; solution im water and cobalt chloride as a 1% solution in 
water. With other chemicals 200 mg cf allergen (as supplied by Trofab for routine patch testing) 
was dissolved in 0-8 ml of chloroform amd mixed thoroughly. Six successive twofold dilutions 
were made and 20 yl of each dilution, alone or in addition to another allergen, was pipetted onto 
an Ar-test (Imeco) and allowed te evaporate. The combinations used were as follows: nickel and 
thiuram mix; nickel and chremate; nickel and propylene glycol; lanolin and fragrance mix; ` 
chromate and diethyl dithiocerkamarol zinc; nickel and merphcl:nyl mercaptobenzothiazole; 
nickel and paraphenylenediamine; fragrance mix and quinoline mi; quinoline mix and Balsam 
of Peru; diethyl dithiocarbamatel zinc and azo yellow. The patches were applied to each inner 
arm using Scanpor adhesive tape sc that the combination of allergens on one arm was in a 
symmetrical distribution to that of the single allergens on theother. The position of the different 
concentrations was varied to overcome possible site variation. 

The patches were applied for 48 h and at 72 h the response was measured as change in skin- 
fold thickness by calipers and assessed clinically using the standard scale.’ 

To exclude an irritant effect of the various allergens when applied together, six normal 
volunteers, who had neither a history of contact sensitization mor positive patch tests, had 
patches applied using the highes: doses of allergens usec in all thecombinations studied in the 
sensitized patients. 









Allergens in white soft paraffin 
‘h-test allergens (Trolab) were made in white 
T y 11 mg) from a standard 5 


Six successive twofold dilutions of standard pat: 
soft paraffin. A o-5-cm length of allergen in parafin (approximatel 

cm? volume syringe was placed on a Finn chamber on Scanpor adhesive (Epitest Ltd) alone and 
in addition to a second allergen. The chambers were applied to the inner arms and the responses 
measured as before. 
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RESULTS 


_ Allergens in solution 

Correlation between objective and subjective assessment of response. The change in skin thickness 
corresponded well with the clinical grading (Fig. 1), and a direct relationship was found between 
the dose of the allergen and the size of the response it produced (Fig. 2). 


The response to single and combined antigens. Three patients showed no response to any of the 
concentrations used. 

(a) Subthreshold doses. In each of six patients who were sensitive to allergens when tested 
individually, the threshold concentration at which a response occurred was established both by 
standard visual assessment and by measurement of change in skin-fold thickness for both of the 
two allergens. Two further subthreshold dilutions were made for each of the allergens and when 
a subthreshold dose of each allergen was combined on one patch, a measurable response was 
produced, the magnitude of which depended upon the dilutions used (Fig. 3 and Fig. 2 at lower 
doses). The thresholds at which a response occurred to the combination of allergens was 
significantly lower (P < 0-01, Kruskal-Wallis test) than the thresholds for a response to the 
individual allergens. 

(b) Linear part of dose-response curve. In each of the 11 patients studied, 2-6 antigen 
concentrations were used, which produced a patch-test response to the individual allergens on 
the linear part of the dose-response curve. A greater response was elicited by the dilutions of 
allergens in combination than to either of the individual allergens. This is shown in the upper 
part of Figure 2. Figure 4 shows the responses to combinations of allergens and the sum of 
responses to individual allergens alone when the responses to the two allergens individually and 
in combination at a given dose were all on the linear part of the three dose~response curves. The 
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FIGURE 1. Response as change in skin thickness compared to clinical grade for antigens in solution. 
Results are shown for different allergen dilutions tested on 14 patients showing mean + SEM of skin-fold 
thickness for each clinical grade. 
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FIGURE 2. Response to dilutionsof allergens in solusion against log~dose ef the allergen alone and as a 
mixture. Results are shown as mean + SEM for 11 sewbiects. At each conceatration a greater response is 
produced to the mixture than to either compenent aflergen. a, firs: allergen; b, second allergen. 
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FIGURE 3. Response to mixture of allergens at subthresheld doses, i.e. when che response to both allergens 
individually was negative. Responses shown for six subjects, 


slope of the curve is 45°, showing thet response to the mexture of the allergens is the same as 
the sum of the responses to the ind:vicual components. Thus the increase in response to the 
mixture of allergens was additive and not srnergistic. 

(c) Plateau region of dose-respanse curve. Since the concentratieas of the allergens used were 
not increased sufficiently to ensure that the plateau of the dese-response curve had been 
reached, the highest concentrations cam only be presumed to recresent the upper part of the 
curve in the region of the plateau in the patients studied. The responses to the combination of 
allergens were significantly greater than the responses to the individual allergens alone 
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Response to mixture of allergans 





Sum of response to allergens alone 


FIGURE 4. Comparison of response to mixture of two allergens with sum of their individual responses 
from seven subjects where responses to allergens alone and in mixture were on the linear parts of their log 
dose-response curves. The response is approximately the same to the mixture as to the sum of the 
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Dilutton of allergen 
(L= concentration in standard battery) 


FIGURE 5. Response to allergens alone and as a mixture when diluted in paraffin in four subjects. The 
dose-response relationship and augmentation of response in the mixture were the same as found with the 
allergens in solution (Fig. 2). a, first allergen; b, second allergen. 


(P<o-o1r, Kruskal-Wallis test) but were less than the arithmetical sum of the individual 
responses (P <o-Or sign test). 

(d) Response to allergens tn non-sensitized subjects. In six normal subjects with negative patch 
tests, mixtures of all allergens studied were applied in the highest concentrations used. None 
produced a positive reaction. 
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Allergens in paraffin 

To confirm that the findings were applicable to. stendard methods of patch testing, the allergens 
were diluted in white soft paraffin and applied te four patients. As with the allergens in solution 
we found a direct relationship between the dose ef the allergen and the size of the response it 
produced (Fig. §), and a greater respomse was elicited by the allergens in combination than to 
either of the individual allergens throughout the concentratins used in each of the four 
subjects. As with soluble allergens the response tothe combinatien was additive, the sum of the 
response to the two allergens alone being no greater than that of the allergens in combination. 








DISCUSSION 


Patch testing with common contact dermatitis~oreducing allergens confirmed the expected log 
dose-response relationship. The responses to m=extures of antigens were, as predicted , the result 
of simple additive effects depending on their pcsit»on on the discrete dose-response curves, and 
positive patch tests to combinations of allergens occurred at concentrations which gave negative 
reactions singly. 

Although the classical sigmoid dose-respozse relationship was apparent for each of the 
substances studied, the study cid not set out t cefine precisely the threshold, log-linear and 
plateau phases for each allergen because the mam purpose was to establish working dilutions for 
the experiments with mixtures of allergens. Using dilutions derived in this way it was found that 
when allergens were tested in combinatron in pavicats with two kmown sensitivities, the response 
was invariably greater than to the single allergen. This was not an artefact of the application 
technique of dilutions of solubie allergens or the measurement cf response by lesion thickness, 
because this method gives a dose-response reletienship with the common allergens as well as 
with experimentally-inducec sensitization.’ Im this study the responses as measured by skin 
thickness were shown to be a good otyjective measare of the subjective gradings. The enhanced 
mixed response occurred with all 15 allergens studied despite their totally unrelated chemical 
nature and widely differing dilutions, so enhanced passive diffusien of allergens can be excluded 
as a mechanism. An irritant effect of the combinmation of various allergens can aiso be excluded, 
because we found that a combination of the higuest concentrations of all the chemicals used did 
not produce a response in patients wao had no evicence of contact sensitivity to single allergens. 
It can therefore be concluded that the enhancee response of allergens applied tegether was due 
to a true increase in the magrituce cf the contact dermatitis reaction. Since the enhanced 
response occurred with all the common but usrelated sensitizers studied, it can also be 
concluded that the observed augmezntation is a general phenomenon and not allergen specific. 

Having demonstrated the phenomenon of augmentation which had been predicted on 
theoretical grounds, the next set of studies wes designed to define its mechanism. Two 
mechanisms were considered: synergy. the immzune response te one allergen being synergisti- 
cally augmented in the presence of one or moresthers, and addition by the simple additive sum 
of the inflammatory responses. To distinguish between the two possibilities combinations of 
allergen concentrations were used at different peints on the dose-response curves. With a simple 
additive effect, if concentrations ef one or more allergens below the individual response 
thresholds are applied together, they will predwce a response greater than the sum of the 
individual responses whenever simple summation of effect passes the threshold of response. In 
other words, below the threshold a purely additive action will be indistinguishable from 
synergy. On the linear part of the dose—response:curve the combined response would be additive 
provided that the sam of the responses falls sheet ef the plateau. By contrast, a truly synergistic 
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response would show a greater than additive effect both below the threshold and on the linear 
part of the curve. The response at the plateau region would not allow a distinction because of the 
limitation imposed by the skin itself on any further inflammation. A synergistic mechanism 
could therefore only be distinguished by this method on the linear phase of the curve. 

The responses at different parts of the curve were studied and the findings conformed 
completely to the theoretical predictions of a biologically additive response. Thus, reactivity 
greater than the arithmetical sum of the individual responses was seen when subthreshold doses 
were used. This was due to subthreshold addition and not synergy because the responses were 
always additive when the total response remained on the linear part of the dose-response curve. 
Therefore, the augmentation of response found when two or more allergens were applied 
together was simply additive. Although the plateau was not studied in detail, the increase with 
the two allergens together was less than additive which would be expected because of limitation 
of further volume expansion. In the absence of synergy, therefore, it is not necessary to invoke 
any change in immune handling of the allergens or reactivity to them when more than one are 
applied simultaneously. 

The quantitative studies upon which these conclusions are based used dilutions of soluble 
allergens and lesion thickness for measurement of response. The possibility that the results were 
an artefact of this technique could be excluded because the same summation of responses was 
found using allergens in conventional bases and using conventional patch testing procedures. 
Thus, these findings are relevant to clinical testing and have practical as well as theoretical 
consequences. 

Contact allergy occurs in an environment where exposure to multiple antigens and multiple 
sensitivity is common. About 40%, of our patients who have a positive result on testing with the 
standard European patch-test battery are positive to more than one of the allergens. Since 
elicitation of sensitivity is dose-responsive, and, as we have shown, additive, it follows that 
contact dermatitis may be precipitated by a specific allergen or allergens in individuals with 
minor or subclinical sensitivities in whom conventional patch tests to individual allergens are 
negative. It is remarkable that this possibility and its simple quantitative explanation have never 
been investigated despite the clinical observation of negative single patch-test responses in 
patients with apparent contact sensitivity.** Not only will the response to the various allergens 
summate to enhance the response but also, as has been shown, the threshold to one particular 
allergen is reduced in the presence of other allergens to which the patient is also sensitive. The 
lowering of threshold which we observed with mixtures of two allergens will be even more 
profound with the greater number of sensitivities often seen in practice. The concept of 
threshold is crucial to an understanding of relevance of a positive patch test, since it is not the 
simple presence or absence of a positive patch test but its magnitude as reflected in the threshold 
concentration which determines whether or not a patient will react to a chemical in a particular 
product. 

It follows from our work that the use of single concentrations of single allergens is inadequate 
for the investigation of contact dermatitis. The simplest way to overcome this diagnostic defect 
is the use of mixtures of various allergens and of different concentrations, although further study 
will be required to optimize these. In summary, by dilution of common allergens to 
concentrations that do not themselves produce reactions, this study has shown that mixtures of 
the allergens applied together will produce immune contact patch-test responses. This has 
considerable theoretical significance for the understanding of dermatitis reactions as well as 
practical implications about the nature of patch testing. 
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SUMMARY 


Elastase inhibiting activity (EIA) was demonstrated in the epidermis from lesions and in 
psoriatic scale, whereas normal epidermis did not contain significant EIA. Two new elastase 
inhibitors were partially purified and characterized using psoriatic scale as a source. The two 
species (approximate molecular weights 10 and 20 kDa) were shown to be stable, and high- 
affinity inhibitors of human leucocyte elastase (Kj < 107 10 Mm). No activity against human 
cathepsin G could be demonstrated. Cultured human keratinocytes were shown to contain EIA 
activity similar to that found in psoriatic scale. EIA could also be demonstrated in human 
epidermis following the induction of an experimental inflammatory response by sellotape- 
stripping. We propose the acronym SKALP (skin-derived antileucoprotease) as a name for 
these new proteinase inhibitors. 


Proteinases derived from polymorphonuclear leucocytes (PMNs), such as elastase and 
cathepsin G, can cause tissue damage when secreted, since they are active at a neutral pH and use 
a broad spectrum of connective tissue molecules as substrates.! In order to control proteolysis 
by these enzymes, a number of highly effective proteinase inhibitors are present in the 
extracellular space.” These are either present systemically, such as a-1-proteinase inhibitor (a- 
1-P1), or they are locally synthesized such as anti-leucoprotease or secretory leucocyte protease 
inhibitor in the lungs? and parotid glands.* However, proteinases can escape the action of 
proteinase inhibitors and this results in extensive tissue damage. Oxidation of «-1-PI has been 
implicated in the development of lung emphysema,° and PMN-derived proteinases have been 
shown to lead to the breakdown of cartilage in vitro® and glomerular injury in vivo.’ No 
definitive role for PMN-derived neutral proteinases has so far been demonstrated in skin 
disorders but PMN elastase and cathepsin G can degrade components of the epidermal basal 
lamina in vitro, thereby dissociating epidermis from the dermis.” 
Correspondence: Dr J.Schalkwik. 
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In previous studies we have shown that human epidermis in various inflammatory skin 
disorders’ or epidermis exposed to experiment. inflammation!” contains significant amounts 
of elastase-inhibiting activity (EIA), but this.actit ity is not found in normal skin. We present the 
preliminary biochemical characterization of :wo € astese inhibitors which are tentatively named 
SKALPs (skin-derived antileucopreteases). 


METHODS 


Chemicals 
Methoxysuccinyl-alany]-alany!-prolyl-valyl-7-amiao-4-methylcoumarin, N-succinyl-phenyl- 
alanyl-leucyl-phenylalany!-thicbenzvlester anc carbobenzoxy-L-arginyl-7-amino-4-methyl- 
coumarin were obtained from Backem, Bubendorf, Switzerland. Cetyltrimethylammonium 
bromide (CTAB) was obtained from IC}, U K. Affigel-1o and all reagents for sodium 
dodecylsulphate polyacrylamide gel electrophoresis ( SDS-PAGE) were obtained from Biorad 
Laboratories, Richmond, CA, U.S.A. Sephades is-«0 (fine grade) was from Pharmacia Fine 
Chemicals, Uppsala, Sweden. Dithio(bis)nitrobenzox acid, x-I1-proteinase inhibitor (a-1-PI), 
phenylmethylsulphonylfluoride, trypsin, porcice pancreatic elastase and phenylbutylamine 
were from Sigma Chemicals, St Lowis, MC, U =A. 

Active-site titrated elastase, used for calibration procedures, was a kind gift from Dr 
J.A.Kramps, Department of Pulmonology, Uniersi-y Hespital, Leiden, The Netherlands. 


Skin samples 

Biopsies were taken from patients with stable chronic olaque psoriasis and from normal healthy 
volunteers, using either a razor blade in conjemeticn with a metal guard, or a Castroviejo 
keratotome as previously described. ™® The biopsies were at a thickness of o- 3 mm for lesional 
skin, 0-2 mm for the normal skin and the uninvolved skin in the patients with psoriasis. They 
were washed in phosphate-buffered saline (FBS) and immediately processed for extraction. The 
scale from the skin of patients with psoriasis were stcred at — 20°C until use. Normal stratum 
corneum was obtained from the backs of healthy volunteers by gentle scraping with a scalpel 
blade, and stored at — 20°C until farther use. The skin of normal volunteers was repeatedly 
tape-stripped'° and biopsied 48 h later. The scales anc. bicpsies were processed to determine the 
elastase inhibitory activity as previously described.'* 


Leucocyte preparation 

Human PMNs were purified from peripheral blood using standard techniques of dextran 
sedimentation and Ficoll gradient centrifugation, and extracted in buffer (100 mM Tris, IM 
NaCl, 03°% CTAB, pH 8-5). 


Purification of leucocyte elastase and cathepsin G 

Elastase and cathepsin G were purified from leucecytes obtained by tymphopheresis of a patient 
with chronic myeloid leukaemia. Briefly, mye.cid cells were subjected to differential salt 
extraction (O-1 M NaCl to extract the bulk of dlastase, and 1 M NaCl to extract the bulk of 
cathepsin G), and the enzymes were purified on 2 phenylbutyl-Affigel-1o affinity column.!2:!3 
Samples were dialysed against 1 M NaCl ard stared at — 20°C. 





Assay of elastase and elastase-in:hibiting activity 
The elastase activity was measured according <5 ms 





ds previously described’! using the 
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fluorogenic substrate methoxysucciny]-alanyl-alanyl-prolyl-valyl-aminomethylcoumarin.'* 
Inhibition of elastase activity by skin samples was routinely measured as the percentage 
inhibition of a standard amount of elastase. A sensitive microassay'’ was used to enable 
measurement of small amounts of inhibitory activity. Briefly, ro ul containing 1 ng purified 
elastase (or an extract of 500 PMNs which is equivalent to approximately 1 ng human leucocyte 
elastase) was mixed with inhibitor preparation (10 pl) and incubated at 37°C for 15 min to allow 
complexing of enzyme and inhibitor. Thereafter, 20 1 of substrate solution was added (250 uM 
in extraction buffer) and the reaction was allowed to proceed for 30 min at 37°C. The incubation 
was terminated by the addition of 1 ml sodium carbonate buffer (100 mM, pH 10:5) and 
fluorescence was measured at 375 nm (excitation) and 440 nm (emission). Inhibition of elastase 
activity in this assay was calculated as the percentage inhibition of the activity of 1 ng elastase 
(final concentration during the assay approximately I nM). 

One unit of inhibitory activity was defined as the amount required to reduce the activity of 1 
nM elastase by 50%. Elastase activity was linear during the assay (final substrate concentration 
125 uM, of which less than 10° is converted during the 30-min incubation with 1 ng elastase). 
Inhibition of elastase activity by epidermal extracts was linear with the amount of inhibitor 
added, up to about 70% inhibition, in the assay as described (see Figure 4 fora typical inhibition 
curve). 


Assay of cathepsin G and cathepsin G inhibition 

Cathepsin G was measured colorimetrically using N-succinyl-phenylalanyl-leucyl-phenylala- 
nylthiobenzylester as a coupling reagent to detect the free benzylthiol. 15 Inhibition of cathepsin 
G was measured by pre-incubating purified cathepsin G at 0-05~5 ug/ml (final concentration) 
with an excess of inhibitor preparations at 37°C, from 5 to 60 min. All the incubations were 
performed in 1 M NaCl, 50 mM sodium orthophosphate, pH 7:5. Thereafter, the cathepsin G 
activity was measured and compared to the reference sample that contained no inhibitor. Alpha- 
1-PI was taken as a positive control for inhibition of the enzyme. 


Assay of trypsin and trypsin inhibitory activity 

Bovine pancreatic trypsin was measured fluorimetrically using carbobenzoxy-L-Arg-amino- 
methylcoumarin as a substrate.'© The assay was performed as described for leucocyte elastase, 
except for the buffer system, which consisted of a 50 mM Tris buffer pH 8-0 containing 10 mM 
CaCl, and 1% DMSO. Inhibition of trypsin was measured as the percentage inhibition of song 
trypsin under the given assay conditions. 


Protein measurements 

Protein in the eluent of Sephadex G-50 chromatography was monitored at 280 nm. For 
quantitative measurements a direct fluorimetric assay was used (278 nm excitation, 340 nm 
emission). The amount of protein was read from a calibration curve obtained with bovine serum 
albumin. 


Gel permeation chromatography 

One gram of psoriatic scale was homogenized in 20 ml PBS (yielding a preparation of about 
10,000 to 15,000 units inhibitor/mg soluble protein). The extract was centrifuged and the clear 
supernatant was concentrated by vacuum evaporation and dialysed against PBS (final volume 
1g ml). This sample was applied to a Sephadex G-50 (fine-grade) column (60 x 1-8 cm) 
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equilibrated with PBS. The samples were eluted with PBS (flow rate o-3 ml/min) and collected 
in 4-ml fractions. The fractions were measured for EIA as described above. 


SDS-PAGE 

Proteins were separated on a 15% polyacrylarude (514% crosslinker) slab gel according to 
Laemmli,’’ and visualized with Coomassie brilliant blue or silver staining. Proteins were 
recovered from the gel by extracting gel slices with distilled water for 24 hat 4°C. The extracts 
were concentrated by vacuum evapc ration end tested for EIA. 


Cell culture 

Human epidermal or neonatal foreskin keratinecvtes were cultured according to the Rheinwald 
and Green system.’* Second passage keratinocytes were cultured to 60-90%, confluence when 
used for extraction. The feeder cell layer (31 3-fibroblasts) was removed with EDTA and 
trypsin and the remaining keratinocytes were harvested either by trypsinization, or following 
scraping. The cells were washed extensively to remove traces of fetal calf serum and trypsin, and 
were extracted by sonication and homogenization. This preparation was used for the 
determination of elastase inhibitory activity in cultured keratinocytes. Human skin fibroblasts 
were cultured from human skin biepsies and “cHowing trypsinization the extraction was as 
described for keratinocytes. Sirnilar y, human umbilical vein endothelial cells!“ (a kind gift of 
Dr R.M.W. de Waal, Depar:memt of Pathology, University Hospital, Nijmegen, The 
Netherlands), and human melanoma cells”? dine IGR 39, a kind gift of Professor D.J.Ruiter, 
Department of Pathology, Universit Hospital, Ni jmegen, The Netherlands) were harvested by 
trypsinization and extracted. 


Statistics 
Statistical evaluation was performed using the two-tailed Mann-Whitney U-test. P values 
smaller than 0-05 were considered to be statistically significant. 


RESULTS 


Elastase inhibiting activity in normal and pscriatic epidermis 

The EIA of lesional and uninvolved psoriatic epidermis and normal epidermis was measured in 
extracts of biopsies. Tissue samples were homogenized in extraction buffer, containing the 
detergent CTAB. Table r shows zhat pswriatie lesional epidermis contained a more than 
sixtyfold higher concentration of ELA compared to that of norma! epidermis. Uninvolved 
psoriatic epidermis contained hardly any inhibitory activity and was comparable to the normal 
epidermis. Inhibitory activity could be demonstrated regardless of the extraction procedure or 
the elastase assay (either in PBS or ir. buffer containing high salt and detergent). This was taken 
to indicate that inhibitory activity wes not derived from traces of plasma in the samples, since the 
major plasma inhibitor of leucocyte elastase ‘x-1- 1) does not bind to elastase in the presence of 
the cationic detergent CTAB. In addition to the EIA in the biopsies, we measured EIA in the 
scale obtained from patients with psoriasis and normal stratum corneum. Table 1 shows that 
psoriatic scale contained over 400 times more inbibitor than normal stratum corneum. As with 
the epidermal biopsies, it was found that the scale extract could inhibit elastase even in the 
presence of a high amount of salt and detergen: 
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TABLE 1. Elastase inhibiting activity in normal and psoriatic epidermis 


EIA units/mg tissue 
Tissue (mean + SD) 
Normal epidermis 25+14 (6) 
Psoriatic uninvolved epidermis r302 (3) 
Psoriatic lesional epidermis 166 + 249*(6) 
Normal stratum corneum 264+1°4 (6) 
Psoriatic scales 1195 + 7O8TC7) 


Elastase-inhibiting activity was measured in extracts of normal and 
psoriatic epidermis. One unit of EIA was defined as the amount required 
to give 50% inhibition of 1 nM elastase in the standard assay. EIA was 
expressed as units/mg fresh weight of biopsies from normal skin or 
psoriatic uninvolved and lesional skin, or units/mg normal stratum 
corneum or psoriatic scale. Number of samples (patients) studied in 
parentheses. 

* Significantly different from normal epidermis and psoriatic unin- 
volved epidermis; P < 0-001 and P< 0:05, respectively. 

+ Significantly different from normal stratum corneum; P <0-oor. 


Gel permeation chromatography 

The inhibitory activity of psoriatic scale extract is shown in Figure 1. Two peaks of inhibitory 
activity were found with Ka of 0-20 and o-41 respectively, indicating molecular weights of 
approximately 20 and 10 kDa. Both peaks contained inhibitory activity that was measurable in 
the presence of detergent. In order to investigate the possibility that the 20 kDa species is a 
dimer of the 10 kDa molecule, scales were processed and chromatographed in the presence of the 
reducing agent dithioerythritol (10 mM) to dissociate disulphide bonds. This, however, resulted 
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FIGURE I. Elution profile of a Sephadex G-50 separation of psoriatic scale extract in PBS. Two major 
peaks of anti-elastase activity were found with approximate molecular weights of 20 and ro kDa, 
respectively. Solid line: protein concentration in the eluent, bars: percentage inhibition of 1 nM elastase by 
1:§0 diluted fractions. Vo= void volume, V= total column volume. Molecular weight markers: horse 
myoglobin (19 kDa) and aprotinine (6-4 kDa). 
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in a total loss of the inhibitory activi. When a scale extract was chromatographed under 
dissociating conditions using a chactrepic solvent (7 M urea in PBS) to disrupt the hydrogen 
bonds, no change of the elution profile ‘with sespect to EIA) was found. To investigate the 
possibility that the ro kDa species emerges fr=m p-oteolytic cleavage during the extraction 
procedures, all processing anc purification wes performed in the presence of proteinase 
inhibitors (2mM PMSF, 5 mM iodoacetamide, mM EDTA). However, no changes in the EIA 
profile of the Sephadex G-5c elutioa were fours (deta not shown). 


SDS-PAGE 

To determine the molecular weights of the mhicm:tors more accurately, peak fractions of the 10 
and 20 kDa species were obtained with Sephadex G- 50 chromatography and pooled, 
concentrated, and subjected to SDS-PAGE (ncn-recucing conditions). The gels were stained 
for protein, or sliced to recover the proteins. Figsres 2 and 3 show the composition of the 10 and 
20 kDa fractions and the corresponding amounts o° ELA. Interpolation from a curve fitted 
through the marker proteins confirmed that the molecular weights were approximately ro and 
20 kDa. Figure 3 shows that there is only mimor contamination of the 10 kDa species with the 20 
kDa fraction and vice versa. Figure 2 shows that the 16 kDa fraction is relatively pure, i.e. it only 
contains four major bands with molecular weights between 12,000 and §000 kDa. Only one of 
the bands displayed anti-elastase act vity. The 25 kDe fraction, however, shows many bands on 
SDS-PAGE, including keratins.and other impucities. Only a weak protein band is visible at the 
position of anti-elastase activity as the sample had to be diluted to prevent overloading of the gel. 
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FIGURE 2. SDS-PAGE of 20 kDa and => kDa imibitor obtained by Sephadex G-50 fractionation 
(fractions 19-21 and 23-26 from Figure 1, sespeetivety . Lame 1, ro kDa fraction; lane 2, 20 kDa fraction; 
lanes 3 and 4, marker proteins t45 «Da, avalbumin; 25 EDa, Ciymetrypsinogen; 12 kDa, cytochrome c; 5-5 
kDa, insulin subunit). Arrow: band ccinciding withsamti-elastase activity in gel slices (see Figure 4). 
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FIGURE 3. Anti-elastase activity in gel slices of SDS-PAGE separation of 10 and 20 kDa fractions from 
Sephadex G-50 separation (see Figure 2). Slices were extracted, concentrated and measured in the 
standard assay. Inhibitory activity is expressed as percentage inhibition of 1 nm elastase. Arrows with 
molecular weights indicate the position of marker proteins. Open bars = 20 kDa fraction; shaded bars = 10 
kDa fraction. 


Specificity and affinity of elastase inhibttors 

Partially purified inhibitor preparations obtained by gel permeation chromatography were used 
to determine the inhibition constant (K;). Figure 4 shows an inhibition curve for the 10 kDa 
species, using 1 nM of purified active-site titrated elastase and variable amounts of inhibitor. In 
view of the concave lower part of the curve, and the fact that even after prolonged incubation 
with an excess of the inhibitor no complete inhibition of elastase activity is found, it can be 
concluded that the 10 kDa species is a reversible inhibitor with a K; far lower than the enzyme 
concentration used, according to the criteria posed by Bieth.*! Assuming an equimolar 
stoichiometry, a K; of approximately § x 107 11 M was calculated. The inhibition curve obtained 
for the 20 kDa species was similar to that of the 10 kDa molecule, with the same apparent K; (not 
shown). 

Both inhibitor preparations were tested against three other serine proteinases. Porcine 
pancreatic elastase was found to be inhibited in the same manner as leucocyte elastase, by both 
species. No activity was found against human leucocyte cathepsin G, even at high concentra- 
tions of both inhibitor and enzyme (10~ © M), or with a large excess of inhibitor after a prolonged 
incubation (60 min). The 10 kDa inhibitor was not active against bovine pancreatic trypsin. The 
20 kDa preparation showed some inhibitory activity towards trypsin but confirmation awaits 
further purification of this species. Human «-1-PI was used as a positive control and was shown 
to inhibit elastase, cathepsin G and trypsin in the assay systems we used (without CTAB). Both 
the 10 and 20 kDa elastase inhibitor were active in the absence and in the presence of the 
detergent CTAB. 


Source of the inhibitor 
In view of the high level of EIA in psoriatic scale it seemed likely that the keratinocyte was 
responsible for the elastase inhibiting activity. Measurements of the EIA of cultured cells and 
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FIGURE 4. Inhibition profile of kuman lescocyte elastasezand the 10 kDa elastase inhibitor. Purified active- 
site titrated human leucocyte elastase (nal coneentration ¢ nM) was mixed with variable amounts of 
inhibitor preparation (obtained by gel permeation, without substantial contamination of the 20 kDa 
species), and the residual activity was plotted on the vertical axis. Inhibition is linear up to 30% of the 
original elastase activity. The amount ofinhibitor yielding so% inhibition under the assay conditions was 
defined as 1 unit. The intercept of ‘he dwtted line and th« horizontal axis indicates the equivalence point. 


inflammatory cells supported this comtention.and mononuclear cells from the peripheral blood 
did not exhibit anti-elastase activity. Similarly, ima fractionated PMN extract (in which elastase 
activity was eliminated by bailing for ¢ mm) so significant anti-elastase activity could be 
demonstrated (personal communicetion, Dr } “.Kramps, Department of Pulmonology, 
University Hospital, Leiden, The Netherlands), These findings exclude the possibility that the 
inflammatory cells deposit the inlsibiter activity inthe epidermis. Large amounts of anti-elastase 
activity however were found in cultared humax keratinocytes, as shown in Figure 5. The 
presence of inhibitor was specific in that cultured human skim fibroblasts, human umbilical vein 
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FIGURE §. Anti-elastase activity wes messured in extrage of four types of cultured cells: human foreskin 
keratinocytes (8%), human skin Sbroblasts (1), human <enbilical vem endothelial cells (N), aad human 
melanoma cells (W). Only keravmocyses were sheen to contain significant amounts of inhibitor 
(approximately 1 unit per 1000 cells), whereas the othe cell types were practically devoid of inhibitory 
activity (up to 20000 cells tested imthe assay). Verticalexis = residual activity cf r nM elastase; horizontal 
axis = number of cells added in the assay’. 
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endothelial cells and a human melanoma cell line were negative for anti-elastase activity (up to 
20,000 cells tested in the assay). EIA in the cultured keratinocytes was quantitatively similar to 
that found in the psoriatic scale. 


Induction of EIA in vivo 

As already shown,'” EIA was found in human epidermis in an experimental model which 
involves tape-stripping the stratum corneum. This procedure induces both hyperproliferation, 
as measured by recruitment of resting cells into the cycling pool,”?? and a mild transient 
inflammatory response as measured by the influx of PMNs 4 h after the tape-stripping.'° EIA 
could be measured in the biopsies 24-168 h after tape-stripping. We characterized the EIA 
found in five biopsies taken at 48 h after tape-stripping and the anti-elastase activity was 
43:1 +8-3 units/mg tissue (mean + SD, significantly different from normal skin, P < 0-001). 


DISCUSSION 


We have partially characterized the elastase inhibiting activity (EIA) in psoriatic epidermis and 
have shown that it is associated with at least two species of about 10 and 20 kDa. These inhibitors 
exhibit a high affinity binding of elastase and display a narrow specificity as human cathepsin G 
is not affected, whereas most other known elastase inhibitors are also active against this 
proteinase. 

Proteinases derived from inflammatory cells such as PMNs or macrophages have been 
implicated in the pathology of various disorders such as emphysema of the lung,” arthritis and 
glomerulonephritis.’ In skin, proteases might be involved in inflammatory diseases such as 
psoriasis, atopic dermatitis and in various bullous dermatoses. The concentration of the main 
plasma proteases inhibitors with activity against PMN neutral proteases will be fairly low in the 
epidermis, in view of the basal lamina acting as a selective barrier for plasma proteins.’ As 
extensive infiltration of the epidermis with PMNs and the formation of micropustules”? is one of 
the hallmarks of the active psoriatic lesion, we investigated the protective potential of human 
epidermis against PMN-derived proteinases. Anti-elastase activity was found to be present in 
psoriatic scale. The properties of the inhibitors such as the K; (less than ro~ +° Mm), the stability 
and the specificity are physiologically relevant to an elastase inhibitor, although other functions, 
directed against hitherto unknown proteases, cannot be excluded. The fact that similar 
inhibitory activity could also be induced experimentally by standard injury of normal skin 
suggests that production of anti-elastase activity is a feedback mechanism of human epidermis 
to dampen the inflammatory response. This is supported by the finding of EIA in a number of 
inflammatory skin disorders, whereas in non-inflammatory dermatoses far less EIA is found.’ 
We propose, therefore, that the elastase inhibitors act as a kind of local acute phase reactant. 

As epidermis, especially when inflamed, is not a homogeneous tissue, the source of the 
inhibitory activity is not definitely known. However, the abundant presence of inhibitor in 
psoriatic scale suggests that keratinocytes are the principal source. Cultured human kera- 
tinocytes contained elastase-inhibiting activity similar, if not identical, to the activity in the 
psoriatic scale. The surprising observation that EIA is found in cultured keratinocytes from 
normal skin, whereas normal epidermis was negative, can be explained by the phenotypical 
similarities of cultured keratinocytes and those from lesions of psoriasis. In the culture system 
used the keratinocytes are hyperproliferative and express cytokeratin 16, characteristic for a 
hyperproliferative phenotype, as in wound healing and psoriasis.7*-*° 

The inhibitor(s) reported in this paper differ from known elastase inhibitors such as the serum 
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proteinase inhibitor «-1-PI*’ and the 10 kDa acti-leucoprotease (ALP) which also inhibits 
cathepsin G.*** In human bronchial secretions 2 specific elastase inhibitor was found, which 
does not inhibit cathepsin G,** bat this inhibitor has a lower molecular weight (5 kDa for the 
monomer), it is not inhibited by reducing agents and the dimer is dissociable in 7M urea. It is, 
therefore, unlikely to be the same molecule. In view of the partial similarities to ALP we propose 
SKALP (skin-derived antileuceprotease) as s name for these new elastase inhibitors. 

Further studies are in progres: to characterize the inhibitors with respect to the molecular 
structure and physiological funct-on. As both elastase inhibitors were also shown to be active 
against mouse, rat and rabbit ekas:ase ‘data net shown), part of their function can be studied in 
experimental animal models of cw mation. This will ultimately provide us with 
basic knowledge regarding the pathophysiolegical importance of proteinases and their 
inhibitors in human skin. 





et al, 
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SUMMARY 


A questionnaire was sent to 16 carriers of the X-linked cytochrome-b5$8 negative variant of 
chronic granulomatous disease (CGD). Of the 15 who answered the questionnaire and from data 
of one additional case, 70% reported recurrent aphthous stomatitis and 63°, had recurrent skin 
eruptions. Five of the carriers (31%) had clinically discoid lupus erythematosus (DLE), 
although the histopathology was not typical and the immunofluorescence findings were 
negative. The infiltrate in the lesional skin of three of these patients was analysed using 
monoclonal antibodies against CD3, CD4, CD8, CD1a, HLA-DR, CDic, interdigitating cells, 
B lymphocytes and cells of the monocyte/macrophage lineage. The immunophenotype of the 
infiltrating cells resembled that found in discoid lupus erythematosus. 


Chronic granulomatous disease (CGD) is a syndrome in which polymorphonuclear cells (PMN) 
and monocytes/macrophages phagocytize micro-organisms normally, but are unable to kill 
these organisms intracellularly due to a deficient oxidative metabolism. This failure to produce 
reactive oxygen products (e.g. H,0,, O27) leads to recurrent chronic bacterial infections of the 
skin, lymph nodes, liver, spleen, bone and lungs.’ 

Several subtypes of CGD have been identified and all show approximately the same clinical 
picture and biochemical disturbances but have distinct molecular defects. The enzyme system 
that produces O,~ (NADPH oxidase) consists of several components, one of which is 
cytochrome-b55§8, and the following CGD variants are known:* X-linked cytochrome-bs558 
negative, X-linked partial cytochrome-b5§8 positive and autosomal recessive cytochrome-b558 
positive and negative. We have studied the families of patients with the X-linked cytochrome- 
b558 negative variant of CGD, with particular emphasis on determining the incidence of lupus 
erythematosus-like skin eruptions which are often associated with the CGD carrier state. 717 


Correspondence: Dr J.H.Sillevis Smitt, Department of Dermatology, Academic Medical Centre, Meibergdreef 9, 
rros AZ Amsterdam, The Netherlands. 
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METHODS 


A total of 17 female carriers were studied ef whom 16 completed a questionnaire.'’ The carriers 
were detected by subnormal hydrogen peroxide “H,O,) preduction and oxygen consumption 
during granulocyte stimulation, ss well as by mesaicism of negative and positive cells in the 
nitroblue-tetrazolium slide test (NBT? after grams socyte stimulation. The questionnaire was 
sent to the carriers with questions as to whether there were skin and/or mucous membrane 
problems. Their dermatologists were asked aboutrne type of skin eruptions, and where possible 
the patients were examined and skin biopsies taken. The skin lesions that were biopsied were 
processed for routine light micrescopy, direct emmunofiucrescence with antibodies against 
IgG, IgA, IgM, C3, Ciq and fibrinogen, asd for the immunohistopathology of the 
inflammatory cell infiltrate. 

A two-stage immunoperoxidase technique, witk 3~amino-o-ethyl-carbazol (AEC) as staining 
reagent, was employed as the principal »mmuneohenotyping procedure. The processing of 
tissue specimens, identification of cell types, <mmunoperoxidase technique and controls 
(neonatal thymus, lymph node, spleen) were as previously described.'4 Cryostat sections 6 4m 
thick were mounted on slides and, after fixatien in 100°, acetone, were incubated with 
monoclonal antibody (MAb) fer 60 min in a hursidified atmosphere. The sections were then 
incubated with a 1:20 dilution of peroxidase-cormugated rabbit anti-mouse Ig for 30 min ina 
humidified atmosphere. Staining was achieved by incubation of sections in a freshly prepared 
acetate-buffer solution (pH 4:9 that contained 50 mg AEC in roo ml buffer, 5 ml 
dimethylformamide and o-o11"., hydrogen peroxide. The staining reaction was visually 
controlled and stopped by washing in acetate buffer. The slides were fixed in 4°, formaldehyde 
and counterstained with Mayer’s haermatcxylin amd the sections mounted with aquamont. The 
MAbs used in this study are shown ia Table r. Details and references concerning the 











TABLE 1. Monoclonal antibexiies used in this study 


MAb?> TD designation Specificity 











Leu 4” [D3 Pea T lymphocytes 

Leu 2a* CDs Sappressor/cytetoxic lymphocytes 
Leu 3a +b* CD 4 Hee per/inducer lymphocytes 
OK T6t+ CD ta Læagerhans cells 

RFD-1t — leeerdigitating cells! 
HLA-DR* _ 

RFD-7} ~ Menocytes/macrophages!* 
RFD-9t Esetheloid cells‘° 

OKM st see Menoacytes/ macrophages 
M2416 CDic Indeterminate cells!” 

Leu 14* a 3 sraphocytes 

Leu 7* (HNK-®) pone Nerural killer cells 

Br€ -l Peapheral B lymphocytes 


nce ARIRAN HHL TORRES AON EANAN A G TPY BE AOA RAAF TAME at lee PrP mh chi AAA usin 





t Ortho-Pharmaceuticals, Rarivon, Sew Jersey, U.S.A. 
+ Gift from LS. Poulter, London. 

§ Gift from R. W Knowles, New Yeg. 

@ Coulter Laboratories, Haaleah, FL, U.S.A. 
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specificities of the MAbs can be found in earlier studies.'*-'’ Epidermal cells were quantified as 
the number of positive cells present per epidermal length. The percentages of positive cells in 
the dermal infiltrates were estimated as the number of cells surrounded by plasma membrane 
stained with the MAbs per 100 counterstained nuclei. 

Neutrophils were isolated and treated with the nitroblue-tetrazolium slide test (NBT),'® 
while oxygen consumption and hydrogen peroxide formation were measured as previously 
described. +? 


RESULTS 


Fifteen of the 16 questionnaires sent were returned and the data were analysed together with 
that from one additional carrier. The carriers varied in age from 15 to 60 years (mean 34 years). 
The results of the NBT slide test after granulocyte stimulation (PMA 1 ng/ml) (normal value 
98-100% positive cells), and O, consumption (normal value: 8-9 + 1-4 nmol O,/10° neutro- 
phils/min) and H,O, production (normal value 4:3 + 1-1 nmol H,O,/10° neutrophils/min) after 
granulocyte stimulation (by PMA) are shown in Table 2.*° The NBT slide test varied from 3 to 
94% positive cells (mean 47°, ), the O, consumption from 9 to 85° (mean 47°) of the mean of 
the normal values (in nmol/10° granulocytes/min) and the H,O, production from 1 to 60% 
(mean 33%) of the mean of the normal values (in nmol/10° granulocytes/min). 

Eleven carriers (70%) reported that they had a recurrent aphthous stomatitis and 10 (63°44) 
suffered from relapsing skin eruptions that were provoked by sunlight in seven. Three carriers 
complained of Raynaud’s phenomenon and three had recurrent skin infections. These three 


TABLE 2. Clinical details concerning the carriers of X-linked CGD 

















Patient NBT- O, H,O, Aphthous Skin 
no, Age test* consumptiont production} stomatitis problems Special features 
I 49 40 38 26 + + 
2 23 15 9 2 + + Recurrent infections 
3 35 57 ND 39 $ + 
4 20 44 ND ND + m 
5 15 64 ND ND — on 
6 45 62 ND ND ~~ + 
7 37 $3 37 §8 + + Raynaud’s phenomenon 
8 37 ND 67 50 = = 
9 34 94 85 39 = H 
10 34 37 ND 29 + + Raynaud's phenomenon 
II 36 68 56 s$ + ~ 
12$ 27 12 12 13 ~ — Recurrent infections + 
immune comp. nephritis 
13 60 ND ND 18 + + 
14 49 67 65 60 + + 
15 16 47 ŞI 35 + + Raynaud’s phenomenon 
16 24 3 ND I + + Recurrent infections 





* Percentage formazan positive cells. 

+ Percentage of the mean normal value (nmol/10° granulocytes/min). 
t Published elsewhere ref 20. 

ND, not done. 


646 F.P.S:llevs Sratt et al. 


~ 


. - 
p2 ys 
~, tw w” Fy 
. dY 4% va” 
z x . AN y 
ay TA kad 
= > d A T 
i . r 
P Ds 


y ~-+ 





FIGURE 1. Sun-exposed area of skin en “he back sowing erythematous and scaly lesions with focal 
hypopigmentation and atrophy patiemr No. 10. 


patients showed the lowest values for the NBT slide test, O, consumption and H,O, production 
in the whole group, being 15, 9 and 2°. respectively in patient No. 2; 12, 12 and 13% 
respectively in patient No. 12: and a NBT of 3°, and a H,O, of 1 °, in patient No. 16. 

In five of the 10 carriers with relapsing skin eruptions a clinical diagnosis of discoid lupus 
erythematosus (DLE) was made. This was based or the presence of tne skin lesions (Fig. 1). The 
skin biopsies of these five CGD carriers all showec some of the histological features of DLE?! 
(Table 3), but not sufficient to allow a d=firite diagnosis (Fig. 2). Direct immunofluorescence in 
three of the biopsies showed some granular depes:ts of C3, and in one a linear deposition of 
fibrinogen at the basement membrane zore. 


TABLE 3. Hastopathoiogical ‘indings consis- 
tent with D_E found in me skin biopsies of 
Patients snowing DLE-ike skin lesiens 


Ee 


Patient no 


2 J 8 136 





Follicular pmggng E + + + 


Hyperkeratcsis “a ee ee 

Epidermal acrorhy re E i 

Hydropic degeneration ETF E. 
of basal layer 

Lymphocyt& inñitrates ~ + + + +4 


in the dermis 
Dilated blocd vessels 
Derma! infilcrate E wb aie ti 
around fo licles 
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Í 
| 
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FIGURE 2. Biopsy of DLE-like lesion showing slightly atrophic epidermis with follicular plugging and 
focal areas of hydropic degeneration. A lymphocytic infiltrate is present around the superficial blood 
vessels and hair follicles. (Haematoxylin and eosin x 28.) 


The immunophenotyping of the cellular infiltrates in the skin lesions of three patients using 
MAbs are shown in Table 4. In the epidermis, 1-5 CD3°* cells were found in 0-3 mm length of 
the epidermis. Most of the cells of the dermal perivascular infiltrate were T lymphocytes 
(CD3*). A majority of these cells (1-3, 3-10 and 0-4 cells per 03 mm epidermis in the 
epidermal compartment and 44, 63 and 57% positive cells in the dermal compartment, 
respectively) were found to be CD4*. Only sporadic CD8" cells were found in the epidermis 
(O-1 per 0-3 mm) and these cells formed 25, 33 and 37% of the dermal infiltrate. In these three 
patients, the CD4/CD8 ratio was always more than I (1°2, 2°5 and 1-7). Few dendritic cells were 
found using anti-CD1a, RFD-1 and CD 1c antibodies, the number in the epidermis in normal 
skin in our laboratory being 4-2 +05 CD1a‘ cells per 0-3 mm epidermal length, while in the 
CGD carriers with DLE-like skin lesions the mean was 2:6 positive cells per 0-3 mm in lesional 
skin. Strong staining for HLA-DR of the keratinocytes was observed in the lesional skin. B 
lymphocytes (B1*) were not seen either in the epidermis or in the dermis. Natural killer cells 
(Leu 7+) were found to be present in small numbers (less than 1 ®) in the dermal infiltrate. Cells 
staining with MAbs of the monocyte/macrophage lineage were rare in the dermis and mainly 
absent in the epidermis. OKM 5* cells formed 10-14% of the dermal infiltrate and in one 
patient 0-5 OKM 5° cells per 0-3 mm were seen in the epidermis. 
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TABLE 4. Distr: butiom of immunocempetent ceils in lesional skin 


eee 


Patient ne. 


Y 19 16 

Epidermis* Dermist Epodermis* Dermist Epidermis* Dermist 
Leu 4 (CD3) 2-5 73 3-3 $8 1-6 68 
Leu 2a (CD8) O~1 a x 37 O-1 33 
Leu 3a + b(CD4) 3-10 = -3 44 O-4 57 
OKT6(CD 1a) O~3 ; 3-3 oO O-2 O 
RFD-1 (HLA-DQ?) I-4 =O 23 Diffuse o Aspecific 
HLA-DR IC-substance DiTuse IC-s@bstance Diffuse iC-substance Diffuse 
RFD-7 o Spcradic 3 I 8) I 
RFD-9g O (e; 2 © o) Sporadic 
OKM-5 O~§ 4 $ ? (o) 10 
M241 le, © a) O O o 
Leu 7 O 1 3 I O o 
Bı o 2 3 (8) o a) 


meaa aaae U 
* Values in number of cells per 0-3 mm. 
T Values in percentage of total infiltrates celle, 
IC, intercellular. 


DISCUSSION 


In our study 70°, of the X-linked CGD carriers ir vestigated reported that they suffered from 
aphthous stomatitis and 31% had disccid lupus ery -nematosus-like skin lesions. These findings 
agree with a previous report on skin and mucous membrane lesions in carriers of CGD® but in 
contrast with another report,’ we could not fird a selationship between the results of the NBT 
slide test and skin condition in our population. In sree carriers, only the rate of skin infections 
was related to very low values for the NBT, H-0, production and O, consumption. The mean 
of the NBT slide test results in carriers with skin problems is 38% in our population, whereas in 
a previous report of 15 carriers” it was anly 19°. Carriers without skin problems had a mean of 
68% positive cells in the NBT slide test,° wheregs in our pepulation the mean was 56°;,. 

The results of immunophenotyping in our three patients who had DLE-like skin lesions were 
compared with those of patients with DLE.??-?* The majority of cells in the dermal infiltrates 
were CD3*. The CD4/CD8§ ratios varied from i to : CD4° cells in the epidermis were reported 
only once,” but CD8* cells were obse-ved in the s-udies that specified the occurrence of these 
cells in the epidermis.**:** CD12” cells were described as being less frequent than normal in the 
epidermis,**?° and one study noted that the dendrites of these cells appeared smaller than 
usual.** Only a few CD1ra* cells were observed in the dermal infiltrate 23.24 The presence of B 
lymphocytes in the dermal infiltrate was investigated in three studies?2-?425 and B cells were 
found only rarely. The similarity of the findings im the DLE-like skin lesions in CGD carriers 
with those in patients with DLE suggests a common pathogenesis. In CGD carriers, 
biologically active remnants may act as necantigens anc induce an autoimmune process 
resulting in DLE-like skin lesions. 

Two hypotheses have been forraulaced concern 











-g the origin of lupus erythematosus. The 
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membrane attack hypothesis?’ suggests that undefined factors lead to activation of the 
complement-system, with subsequent deposition of the membrane attack complex and 
generation of complement-mediated damage. The antibody-dependent cellular cytotoxicity 
hypothesis*® suggests that specific antibodies bind to an antigen on the target cell surface, and 
non-specific effectors attach to the target-bound antibody by Fc receptors. This Fc-receptor 
activation leads to target-cell lysis by release of toxic oxygen products, proteolytic enzymes or 
lymphotoxin by cytotoxic cells. The fact that direct immunofluorescence showed neither linear 
depositions of immunoglobulins nor complement in the basal membrane region in our CGD 
carriers does not seem to support the first hypothesis, in which the local deposition of 
immunoglobulins, antigens and complement components is considered necessary to generate a 
membrane attack complex. The results of this study are more in accordance with the second 
hypothesis. Functional studies of lymphocytes derived from lesional tissue should reveal 
whether or not these cells are indeed cytotoxic. If so, it is possible that in CGD carriers, the 
failure of the abnormal phagocytes to degrade cells damaged for example by UV-light leads to 
T-cell-mediated cytotoxicity. Patients with DLE should be asked about the occurrence of 
severe chronic skin infections in their families. 
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SUMMARY 


Multinucleate cell angiohistiocytoma is a newly described benign vascular condition that 
usually arises on the extremities of women over the age of 40 as discrete grouped violaceous 
erythematous papules, often mimicking Kaposi’s sarcoma. Of 10 patients, nine were women 
aged between 37-66 (average 51:5) years at the onset of their condition. The legs, and in 
particular the calves and thighs, were the commonest sites to be involved. However, in three 
patients the papules were confined to the back of the hands, and the male patient had lesions 
across the front of the chest. Bilateral lesions occurred in four patients. Histologically, the 
salient features were proliferation of capillaries and small venules at the level of the subpapillary 
plexus and the mid dermis, in association with prominent connective tissue cells and larger 
angulated multinucleate cells. Detailed histochemical and immunocytochemical studies have 
not elucidated the histogenesis of the multinucleate cells that seem to be a characteristic feature 
of this condition. 


We describe the clinicopathological spectrum of multinucleate cell angiohistiocytama (MCAH) 
in xo patients with particular emphasis on the differential diagnosis from that of Kaposi’s 
sarcoma (KS). The histogenesis of the disorder was also investigated by cell marker studies. 
Some details of five of these cases have been previously reported.’:? The clinical picture in these 
patients was that of slowly progressive, grouped, vascular lesions arising on the extremities and, 
in one case, on the chest. Two further cases of MCAH have been studied using a variety of cell 
markers and with electronmicroscopy.° 
This is, to our knowledge, the first detailed report of a substantial number of cases of this rare 
disorder. 
Professor KR. Wilson Jones, Department of Histopathology, St Thomas’ Hospital, Lambeth Palace 
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Details of the ten patients are summarized in Table 1. AJl patients, except case 9, had been 
recognized as MCAH as a result of biopsies referrec by outside dermatologists and pathologists. 
The diagnosis of case 9 (a patient of Dr Geoffrey Hunter at Adelaide, Australia) had been 
suspected as a result of a biopsy which was referred to us for confirmation. Clinical photographs 
were available of all the patients excest cases 9 and ro, They were all Caucasian adults, eight 
living in the U.K., one in Austrzlia (case 9) and «me in Canada (case 10). 





Clinical features 

All the patients had six or more vascular papules, except patient No. 8, who only had two 
papules. Most of the papules varied in size frem 2 to ro mm and were discrete, well 
circumscribed lesions with an oveid skape. ‘They were gemerally a dull-red colour with variable 
violaceous or brownish tints. They were soft to frm in consistency and were not tender. The 
lesions were irregularly scattered over che areaof the affected skin (Figs 1 and 2) but occasionally 
some of the papules were closely grouped or appeered to have coalesced (Figs 1 and 2). Some of 
the lesions in patient No. 7 were annular in shape. The history of those patients for whom full 


TABLE 1. Clinical details of co patients with MCAH 


Seemann tetanic pcre enemies 














Patient Sex and age Sites uration Mo. ef Suspected clinical 
no. at onset affected (years) biopsies diagnosis prior to biopsy 
I. F 54* Back of te? oa 4x FF KS, granuloma annulare, 
hand multiple histiocytoma 
2. F so0* Right calf and GT 2x FF Lichen planus. pseudo-KS 
inner thigh, rx PLP +CR 
left calf 
3. M 37* Front of 16 sx FF Sarcoidosis, lymphocytoma, 
upper chest 1x PLP KS, Spitz naevus 
1x PLP+CR 
4. F 47" Back of both pi sx FF ?Lichen planus 
hands 1x PLP+CR ?Insect bites 
5. F ?65 Right calf 25 1x FF KS 
F 62 Both caves á t x FE — 
9: F 52* Below left * 2x FF Sarcoid, granuloma annulare 
knee 1x PLP- CR 
g, F 66 Left inner ë morzhs ix FF Insect bite reaction, 
thigk vascular tumour 
9. F? Both knees i ix BE Granuloma annulare, 


necrobiosis Hpoidica 


10. F 38 Fingers z 1x FE Lupus erythematosus, sarcoid, 
erythema elevatum diutinum 


ee tmnt sr rnneninsenmesnerennnty nt oss 


* Patients seen personally by the authors anc: additional brogsies obtained. 
FF, routine formalin-fixed tissue. 

PLP, periodate-lysine~paraformaldehvde fixatioa. 

CR, cryostat section prepared from anf 
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FIGURE 1. Case No. 2. Grouped lesions affecting two separate areas. 


details were available, indicated that the lesions had developed insidiously and were 
symptomless. Spontaneous resolution of lesions was rare but was recorded in patient No. 4. 

Patient No. 2 was unusual in that three separate sites were involved. Initially, five to six 
lesions developed on the right calf which persisted, and later new grouped lesions developed on 
the middle of the right inner thigh, widely separated from the original lesions (Fig. 1). Three to 
four years later several papules developed on the opposite calf. She had always been in good 
health and had five children; she gave no history of venous thromboses and there were no 
obvious signs of venous stasis. 

Patient No. 3 presented in 1974 with a 2-year history of developing seven to eight brownish, 
violaceous papules arranged in an approximately linear distribution across the front of the upper 
chest (Fig. 2). There was no history of preceding trauma. Several new papules developed over 
the course of the next 4 years, during which time several of the larger lesions were biopsied. In 
1979 the patient was admitted to hospital and the remaining papules, with the surrounding skin, 
were totally excised. In 1984, when he was recalled for follow-up, there was no evidence of 
recurrence. However, two new papules later developed which, at the patient’s request, were re- 
excised early in 1988. The histological findings were similar in all the specimens. 

The histories of the patients have provided no clue as to any provoking factor or of any 
preceding underlying vascular abnormality. Patient No. 7 had had long-standing ulcerative 
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FIGURE 2. Case No. 3. Muiticle lesions in herizonea! distribution across the front of the chest. 


colitis and 15 years previously she had a saggital sic. us thrombosis. Ne history of serious medical 
disorders were recorded in the other cases. 


HISTOPATHOLOGY 


Twenty-eight biopsies or surgical specimens wae available for study. The majority of the 
tissues had been routinely fixed in formalcehyde saline and embedded in paraffin wax prior to 
the preparation of sections. Four specimens wer: fixed in freshly prepared chilled periodate- 
lysine-paraformaldehyde (PLP) for 2 h prio to a modified rapid paraffin-embedding 
procedure, designed to allow ootimal antigen “reservation for immunocytochemical pro- 
cedures.* Cryostat sections of unfixed tissue were also available from three specimens for 
enzyme histochemistry. Techniques, sources of reagents, specificity and results of immunocy- 
tochemical and enzyme histochemistry are summarized in Table 2. Besides routine haematoxy- 
lin and eosin-stained serial sections, the followim2 standard stains were also studied: periodic 
acid Schiff (PAS), alcian blue. Perl’s reaction fer blood pigment, orcein for elastica, and the 
chloracetate esterase reaction to demonstrate mast cells. 


Routine histology 

Apart from some variability in the number of multinucleate cells and the extent of the vascular 
changes, the histology was remarkably consistent in all of the specimens. In the affected 
segments of the skin, increased numbers of small 5loed vessels were present in the upper and 
mid-dermis in small groups with individual vessels set a little apart from each other (Fig. 3). 
Most of the vessels showed narrow lumina, but afew were ectactic (Fig. 4). There was little or no 
discernible increase in the number of larger artemes or veins in the lower dermis deep to the 
lesion. Tortuosity or dilation of capillaries in th: dermal papillae above the area of vascular 
proliferation was also slight or absent. The predominant vessels identified in the lesions were 
either capillaries or small venules-occurring in approximately equal numbers. The venules were 
surrounded by a variable layer of smooth muscle cells or pericytes. The endothelial cells in the 
venules were generally prominent with ovoid nucei indenting the lumina of the vessels. One in 
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10 or less of the vessels appeared to be arterioles. (Arterioles can usually be distinguished from 
venules by the fact that their surrounding perithelial cells are much more prominent, possessing 
elongated curved banana-shaped nuclei, while in contrast their endothelial cells are flatter with 
smaller condensed nuclei than in venules. In vessels of this small size, the internal elastic lamina 
is too poorly developed in arterioles to be of diagnostic value). A sparse to moderately dense 
lymphocytic infiltrate surrounded vessels in some of the specimens. Occasionally there was an 
admixture of plasma cells and neutrophils. Lymphatic vessels were not prominent. 

Besides the variable presence of perivascular inflammatory cells, there was a general increase 
in the number of interstitial connective tissue cells and larger ‘histiocytic’ cells scattered 
randomly between and at a distance from the vessels. There appeared to be no direct 
relationship between the vascular and connective components of MCAH. In approximately 
two-thirds of the specimens multinucleate cells were also prominent and these had between 
three and eight nuclei. Their nuclei were closely aggregated or overlapping (Fig. 5). They 
possessed less cytoplasm than ordinary foreign body type giant cells, and many were bizarre in 
shape with irregular scalloped outlines (Fig. 6). In a minority of the lesions the multinucleate 
cells were sparse but could usually be demonstrated in serial sections. Haemosiderin-containing 
macrophages were sparse or absent, except in two specimens obtained from lesions on the lower 
leg; foamy macrophages were not seen. The multinucleate cells were not significantly PAS 
positive. The alcian blue stains indicated a minor degree of accumulation of acid mucopolysac- 
charide in some of the lesions. Normal elastic tissue was well preserved within lesions and the 
epidermis and the skin appendages showed no obvious abnormalities. 


Immunocytochemistry and histochemistry 

The lesional vessels were labelled in a similar manner to capillaries and venules in normal skin. 
In particular, nearly all vessels were positive with the monoclonal antibody PAL-E5 (Fig. 7) and 
with factor VIII-related antigen (FVIII-RA), a finding consistent with the capillary and 
venular nature of the great majority of the vessels. Lymphatic-like, PAL-E and FVIII-RA- 
negative vessels, such as commonly occur in early (macular) KS,° were not seen. With the 
universal endothelial cell markers EN4,* BMA 120’ and Ulex europaeus agglutinin-1* the 
lesional vessels were labelled as intensely as normal vessels of a similar size. BMA 120 labelling 
was generally more intense in the small blood vessels than in larger vessels with a multi-layered 
muscle coat. Most of the smaller MCAH vessels were also alkaline phosphatase positive. Most of 
the small lymphocytes sleeving vessels were labelled with UCHL1, suggesting they were T 
cells, but occasional small foci of L26 positive cells were detected in some specimens, indicating 
a B-cell component. 

Most of the mononuclear interstitial cell population of MCAH was labelled for Factor XIIIa 
(FXIIIa)® (Fig. 8), lysozyme and a1 antitrypsin. However, generally only a few cells (less than 
5%) were positive with MAC 387° and for Stoo protein. In the specimens showing blood 
pigment accumulation, increased numbers of MAC 387 positive cells were found in the same 
areas. There was a slight increase in numbers of mast cells, as detected by the chloracetate 
esterase reaction. In contrast, the multinucleate cell population could not be labelled with any of 
the preceding techniques, but were strongly vimentin positive. The multinucleate cells showed 
some reactivity with adenosine triphosphatase, non-specific esterase and acid phosphatase of a 
similar intensity to that found in the other interstitial cells. Enhanced reactions with the latter 
two hydrolases were not apparent, as might be expected if the multinucleate cells in MCAH 
were similar to foreign body type multinucleate giant cells. 


s]J9o NEIPNUNMU JI 
Zurpnyoutr ‘aanisod syassaa 
pue nengu Ur syao [TY 
UOISI] 340qg əanrsod 
stuniopidy ‘aanesau sə 
MBIONUTNAY MENY wn 
1]99 əanisod jeuorsealo uy 


aANBVSIU S[J99 dJeapOnU 
“HRY ‘evelyyur ur 

S[Jeo asapusod feuorsEag 
"sammiongjs yeutiou Jad sy 


DALIBAOU SITIO 
aivapnunynyy “oaisod spao 
JELIISISIUT [BUOTSAT ISOW 


sosepuodde 
pue siuuiapida ‘spassosa 
öp pauyues Alaniseg 


Pilson Foes et al, 


Ngee +s 


aalysod gjossəa Jo 06 


+ 


E 


STISSJA 

M PUO AHAPSOJ 
apimgf nams pun ayassas 
Q] pagno AHAS J 


S[ƏSsS3A 
01} pouyuos ANASOJ 


oyeq 
oyeqd 
oyeq 
sodutiyog 
oyeqd 
ttewii< 

, pio CHUNG 


GHQueg g) 


Aadg af “q 
JO WA CP) 


ys PRUMPA 


oorji qVW 
0007/1 QW 
oof /I qWVd 
oor /T qV 
GVd 

OO1/T I-VaN-ney 
O06 GOT /1 IVan 
ETIT TETA 
Try WIA 
O1/! WW 
OOII qVd 
SLjI GVW 


S]fa> AIOJLULULYUI Jsou 
PUB S[SSSdA POO] SIAIIJU 
‘s]jao anssi 3Atjoeuu0T) 
stuiapida 

,polepnuins, pue sodepusdde 
urys ‘sazeudoineur pearap 
~MAIOUOL pur SsSNÁJIOUOW 


paea 


+ SpuES yams ‘soiAaourpeul 
‘sffeo ,suByiasue’y ‘soAIaN 


gqjaa 
ONSST] SAIDIUUOD PIXY, 
snoaueinoqgns pue jeunng 


sampong yerounds 

Auetu jo SIULBIQUIAU 

aT) “UMIayIOpua 
Sneyd pue geynacea fy 
aatiedati 

soreudwiAy SAna e < 
samua pire sənpepppdrs 

LET TSTOPUA FEYNOSE A 


uunipaylopue seyduls] 
pue permasea TTY 


nayHuns spusys maa 
SUIMPOYIOPUS IBPNISe A 


sayAn0Arpyesoul 
‘soneydurdy] < SILINE 
SUISA pue soliejjides 
(LUTUSYIOPUS IE[NIsSEA 


unua A, 


42gf OYW 


uloq OCIS 


LI XA 


-yan L-S8y  sendeuna xo) 


Pura 


oz VW 


«Va TTA 


Alstwsayso3sty peorusayoolAsoununy] 


a Rr nn LR RR eaaa annann: 
tt lt helt re RTE nnmnnn anaana aunn mnaman nn mann nannan nunne mmn PEPPY RE I ppt A py ANNE a RA eee eaa amare 


SUOISI] Ul SI[NSay 





656 


DMOS 


ápoqnue jo adAi 
pue uoun 


Ámoyrnəads urrpy 


guəned HYOW wos satsdorg Jo Alstuayooisty JWÁZUJ PUL fedTWIaYysOIAIOUNUIWY Z ATAVL 


657 


"WN soq Aog “o pory eMSIg $F 
AA ST “qeorojorq sinspeig ‘orqueg $4 
AAN KAPPIN ZULYA yy 

"WN ‘sypng quos y yH eq f 
“SUOTIOIS IWISOÁTY § 

"*SUONSES PIXY T'Id İ 

‘Apoqnur jeuopdtog ‘qyd 

‘Apoqnue jeuopouow ‘qyyy 


Multinucleate cell angiohistiocytoma 





S]]29 
IAPNUNMU pue s]j30 


(upu OF 103 FOLD %10 ur %10 oq) uisdén yum uonsadip-arg 4 
(uru $1 103} Ut % 10-0 ews AIXX 3dA L) əseuosd ym uonsoftp-3d y 


§poyjow: Surjdnoo 


stuepids ar 
JO SIZAB] []BO memuri pue 


soseydoioew pue sa1As0nsiy 


eeaeee eea 


EnNGSINJU U JANSOJ BUISIS aAp-Oze auos mg ur sanisod ArBuong əseydsoyd poy 
srunopidə əy 
sjaa JO 134g] [JOD Jepmuea8 pue 
JWA PPNUN MU pue spa2 §poyzəur 318199 [Áxopur səJeydossew pue SIMONS 
[BILISIOIUE UT JASO BUIZIS SIIH M pUe HOH ul əanrsod A[Suoig ƏSLA IId S-UON 
S[[99 sueyissur-y] 
S[J99 sIvayoNuTnu §paieanoe pue spao apsnu YIOOUIS 
pue sj? jennsInut umsou few pou peaj ISTƏSSJA POO] Ul suo EAI 
ESTƏISSIA Ul DANISOg uB PSW pue uay yy IASTUONG S20 10W əsmeydsoydin sursouapy 
§poypur 
JaneZou Suryjdnos snosurynuns 
$[Ja9 ənssn sARoeuUOT) aAp-Oze əuozsmg seqfided m1epy *sreos 
“S[PSSOA PIIB[Ip Jou ‘peurs ‘poyu awydsoyd ur ssejqosqra ‘spao 
03 pauyuos ANANISOg eug UMIE $, LIOWIOL) TeryayudsoAur ‘sarreyyidesy asejeydsoyd ourexpy 


sanbruyoal peonmayoostpy 


Arsturaysoysty awAzuyy 


sao jeunop aanisod ON sutaisdg qe OOI jI qy wW JOYIVUW UNEIƏY ueg IMNd 
saldsoydurd] 

sAlisod jo sndoj yeuorsessg OYE] 07/1 aqVW saidooydud] g jo Aiolepy 9z] 

sa Asoydud] peuorsay yo Asoleyy OFC] OL} qvWwW sadcoydurdy 7 jo %o2 THON 
SANBBSU sja Sea;ONUTAPNE Ing 

‘aatsod sjo yeransizsiuy O4eC OOO1/1 QVd_ s{tydosineau pue saseydoioeypy fuisdAnnue-1-x 

SANEZIU spo aleayonuTNUW Ing . 
‘SAtsod spos pennsIou] Oye 0007/1 GVd_ strydonnou pue soseydoreyp JauiszosA"J 





sy Ran 


Tats 
By, 
won &), 
hte "a 
* tae? 
Os) * 


> MAY 
i 


grec 
å f 


EAN 








h 


yy 


S) 


’ 


oA IED, 
wy t 


> 





FIGURE 3. Case No. 2. Increased numbers of capillam«s and venules in the upper and mid dermis. Note 


angulated multinucleate cells bow centre of picture arrow), H&E x 60, 
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mild inflammatory cells. Multinucleate 


FIGURE 4. Biopsy case No. 5. Deated =apillames and renules 


cells (arrow). H&E x 60. 
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FIGURE 5. Case No. 2. Variable sized multinucleate cells in the vicinity of a sweat duct and small blood 
vessels. H&E x 400. 





FIGURE 6. Case No. 2. Multinucleate cells showing clumped nuclei and scalloped outlines. H&E x 400. 
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FIGURE 7. Case No. 5. PLP fixed tissue. Lebelling of =scular endothelium with monoclonal antibody E6, 
lightly counterstained with haermalurr. ( > 250) 





FIGURE 8. Case No. §. Labelling for “XM I-a show mg a diffuse increase of Positive cells in the lesional 
skin. (H&E x 40). 
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DISCUSSION 


Our studies indicate that MCAH is a distinct clinicopathological entity. In our series, the 
commonest presentation with grouped vascular lesions on the lower legs of older patients gives a 
clinical picture that could easily be mistaken for KS. However, the predominance of females 
with MCAH and the differences in the pathology exclude the possibility that MCAH is an 
unusual variety of KS. The back of the hands appears to be the next most common site, and it is 
of interest that one of the patients described by Smolle et a/.° had lesions on the back of one hand 
and on both knees. However, other sites can be affected; patient No. 3 in our series had lesions on 
the chest and the first case of Smolle et al.? had bilateral papules affecting the face and eyelids. 
The vascular nature of MCAH was not always clinically apparent at presentation prior to biopsy 
(Table 1), because the lesions were usually only dull-red or brownish in colour. Generally the 
lesions of MCAH are smaller than those of classical KS in the elderly and large bruise-like 
macules, plaques or nodules do not develop. The feet and ankles are very frequently affected in 
KS but not to date in MCAH. Lesions on the calves of older patients also suggest the diagnosis 
of pseudo KS—lesions that arise due to high local venous pressure. However, the absence of 
purpura at the ankles in MCAH or of evidence of varicosities elsewhere in the affected limb is 
against this possibility. Also the histopathology of pseudo KS differs greatly from that of 
MCAH. In pseudo KS, tortuosity and ‘cork screwing’ of papillary vessels, pronounced 
deposition of blood pigment in macrophages and the presence of thick-walled blood vessels in 
the mid and lower dermis are essential features, but these do not occur in MCAH. 

We are not aware of any other specific vascular anomaly that reproduces the histological 
findings that have been outlined in MCAH. The nearest histological equivalent is that of an 
unusual atrophic type of dermal histiocytoma in which vessels are abnormally prominent but 
the histocytes are sparse. In such lesions multinucleate cells are often present. Three solitary 
histiocytomas of this type have been studied for comparison with MCAH. Features 
distinguishing these from MCAH are evidence of a reduction in thickness of the dermis at the 
site of the histiocytoma and a denser population of histiocytes (dermal dendrocytes). Usually in 
this type of histiocytoma, histiocytes demonstrate a ‘curlicue’ pattern between collagen bundles, 
a feature not encountered in MCAH. 

With regard to the histogenesis of MCAH, we are uncertain as to whether connective tissue 
changes or the vascular proliferation is the primary abnormality. Smolle et al., in their 
discussion concerning the histogenesis, have mainly concentrated on the connective tissue 
changes and in particular they discuss the similarities with and differences from fibrous papules 
of the nose. The multinucleate cells in both conditions closely resemble each other. Most 
authors take the view that fibrous papules of the nose represent a connective tissue disorder,” ° 
but others''!* still believe that most cases represent a special form of involuting cellular 
naevus. A recent study’* has shown that the predominant cells in fibrous papule of the nose are 
FXIIIa positive and vimentin positive, but their larger multinucleate cells were only 
occasionally positive for FXIIIa. A small percentage of the papules showed groups of S100 
protein positive cells that could be taken as evidence of residual naevus cells, suggesting a 
naevoid origin. However, Sroo positive grouped cells suggestive of an intradermal or Spitz 
naevus have not been encountered in MCAH. 

FXIIIa appears to be an excellent marker of normal fixed dermal connective tissue cells and 
which has emphasized the dendritic character of the cells.°:'5 Approximately 50% or more of 
the cells comprising common histiocytomas are FXI Ila positive. As the main connective tissue 
cells in MCAH are also FXIIIa positive this helps to justify the use of the descriptive term 
‘angiohistiocytoma’ in the title of MCAH positive. 
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Increased numbers of FXIIla pesitive cells eccur ia many inflammatory disorders.!5 The 
increased numbers of FXI Ia cells in early lesioms of ATID S~associated KS have been cited as an 
argument that initially KS is nen-vascular m orgin.'® It has been shown, however, that in the 
classical lesions of KS the characteristic spindle ceils are FXIIIa~. The probability is that the 
resident FXII Ia positive demcritic cells in the dermis proliferate in response to a variety of 
inflammatory and possibly immunological stanuli and therefore care must be taken in 
interpreting their presence in “arious lesions. 

It remains puzzling as to why bizarre muctinucleate cells occur so frequently in MCAH and 
what their relevance may be. Similar multinucleate cells can be found in atrophic vascular 
histiocytomas that differ from Touton-like cr other giant cells that occar in ordinary 
xanthomatous or haemosidererc histiccytemas. Another observation of possible relevance is 
that multinucleate cells similar to those of MCA can cften be encountered in lesions of lichen 
simplex chronicus in the papi lary dermis in associatiom with other chronic inflammatory 
cells.}7 Such multinucleate cells have, we feel, been inappropriately referred to as ‘endothelial’ 
giant cells. Bizarre multinucleate cells of a similar type can also be found in chronic 
radiodermatitis and in profuse numbers in mecrcbictic xamthogranuloma.'? Our immunocyto- 
chemical results give no clear imdication as to the derivetion of these cells, in particular they do 
not label with MAC 387 (a marker cf monocyte derived macrophages), ™+5 as do many foreign- 
body-type giant cells in granulomas. Also the mmultinucleate cells of MCAH de not label with 
FX I11a—but nor do most other multinucleate ceils. +? It is proposed that the mu!tinucleate cells 
of MCAH and similar cells im lichen simplex and radicdermatitis represent degenerate or 
‘effete’ connective tissue cells or macrophages that, under conditions of prolonged chronic 
stimulation, have failed to divide after mitotic division and have finished up as ‘sterile’ and 
functionless cells. 

We conclude that MCAH g a specific chrenic inflammatory disorder of unknown cause 
whose main histological features are vascular hwperplasia and increased numbers of unusual 
connective tissue cells. Multinucileate cell angiomstiocytoma mus now be addec to the prowineg 
list of conditions—pseudo K&S, progressive lynphangioma,?” spindle cell haemangioma,*! 
tufted angioma,?? angiosarcome?? aad epithelioid angicmatosis~* that enter into the differential 
diagnosis of Kaposi’s sarcoma. 
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ADDENDUM IN PROOF 


Since the submission of this paper ene of us (R.C. has characterized FXIIa dermal dendritic 
cells in normal adult and neenatal skin using double immunofiuorescence labelling tech- 
niques.*° The immunophenotype ef this connective tissue population suggests that they are 
resident bone-marrow derived non-Langerhans cells that share epitopes with mononuclear 
phagocytes (monocyte/macrophages). 
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SUMMARY 


Two groups of patients receiving cyclosporin A (CyA) for psoriasis had their renal function 
assessed by measurement of glomerular filtration rate (GFR) and effective renal plasma flow 
(ERPF). The first group comprised 13 patients who had taken low dose (average 3 mg/kg per 
day) CyA for an average period of 2-5 years. Seven of the 13 had a normal GFR of 108 (77-121) 
ml/min (median; range). In the other six patients the GFR was low at 63 (50-77) ml/min and 
CyA was discontinued for periods ranging from 3 to 17 weeks. The GFR rose in all six patients, 
to 79 (60-91) ml/min; this change was significant (P <0-05). The six patients restarted CyA 
because their psoriasis recurred and after a mean interval of 15 weeks the GFR had fallen in all 
six to 63 (46-80) ml/min (P < 0-05) and the ERPF decreased from 339 (231-414) ml/min to 244 
(177-321) ml/min (P < 0-05). In the second group of 11 patients measurements were made prior 
to starting CyA and after taking CyA for a mean of 9 weeks. The GFR fell in eight out of 11 
subjects, the GFR for the 11 patients being 117 (72-128) ml/min before taking CyA and 97 (51- 
122) ml/min after CyA (P < 0-02). The ERPF was measured in nine of the 11 patients and fell in 
seven of the nine. The ERPF for the nine patients before CyA was 490 (296-642) ml/min and for 
the 11 patients after CyA was 410 (195-543) ml/min (P<o-o1). This study shows that 
impairment of renal function is reversible in patients with psoriasis after long-term dosage with 
CyA. However, this impairment may occur after short- as well as long-term treatment. 


Nephrotoxicity has been recognized as a side-effect of cyclosporin A (CyA) treatment since the 
discovery that it was an immunosuppressive agent and its subsequent use in organ transplan- 
tation. The exact nature of the nephrotoxicity is uncertain. In renal transplants it may be 
difficult to distinguish between nephrotoxicity due to CyA, ischaemia, or repeated episodes of 
graft rejection. In non-kidney transplantation, pre-operative renal impairment is not unusual 
and there may be concomitant therapy with other nephrotoxic drugs. Thus, there is controversy 
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as to whether the renal changes are due primarily to CyA. However, nephrotoxicity due to CyA 
has been reported in non-transpiant patients, with uveitis and other autoimmune diseases. |? 
It has been claimed that nephretox city, whether in the transplant or non-transplant patients, 
is likely to be dose related.” However, no studies to date have been reported on low dosages of 
CyA. CyA given in comparatively low dosage has now been shown tobe an effective treatment in 
clearing psoriasis,*’° and in maintaining this clearance over a long term.® As the main side-effect 
of CyA is nephrotoxicity it is important to determine if CyA taken at low dosage over a long term 
is safe for patients with psorias:s. We have measured giemerular filtration rate (GFR) and 
effective renal plasma flow (ERPF) radiotsotopécally to assess changes in renal function. 





METHODS 


Patients 
Two groups of patients with severe osoriasis were studied. 


Group 1. This comprised 13 petients (eight fermale and five male: ege range 27—78 years, mean 
age 50 years) who took CyA for « mean of 2-5 years ‘range 20-373 months). The mean dose of 
CyA was 3 mg/kg per day throughout the study (range 1-5 mg/kg per day). The GFR was 
determined in all 13 patients and the ERPF in seven. Ïn six of the 13 patients the GFR was low 
and in these CyA was stopped for peciods ranging from 3 te 17 weeks and the GFR and ERPF 
repeated. CyA was restarted and both tests carried out again after ar average period of 15 weeks 
(range 7-26 weeks). 


Group 2. This comprised 11 patients (two emale and nine male; age range 31-61 years, mean 
age 45 years). The GFR was measured in 11 and the ERPF in nine patients prior to starting 
CyA. Both tests were repeated in all 11 patients after they had taken CyA for an average period of 
9 weeks (range 4-18). The average dose of CyA during this period was 3 mg/kg per day (range 
2~4). 


Measurement of GFR and ERPF 

GFR (ml/min) was measured by single injectien of Cr-51 EDTA with blood samples taken 
every 30 min for 2-4 h;’ the zero time blood activity and T 1/2 (mim was calculated graphically, 
giving an error of +6 ml/min. The normal value GFR was defined as 105 + 26 ml/min at 30 
years, 98 + 23 ml/min at 50 years ard 78+ 24 ml/min at 70 years.> The ERPF (ml/min) was 
measured by a simultaneous injection of I-12§-c0-iodehippurate and from blood samples taken 
at 30, 45 and 60 min. The value.a? 44 min was.caleulated graphically,’ giving an error of + 17 ml/ 
min. The filtration fraction (FF was calculated sy dividing GFR by ERPF, the normal value 
being between 0-20 and 0-30. Comparisons of (GFR and ERPF, cn and off CyA, were made 
using Wilcoxon match-pairs signed-rank test. 


RESULTS 


Group I 

The GER for the group of 13 patients taking lomg-term CyA was 77 (50-121) ml/min (median; 
range). Seven of the 13 patients had a normal GFR for their age of 108 (77-121) ml/min. The 
other six patients had a low GFR for their age of 63 (50-77) ml/min. In these six patients the 
drug was discontinued and renal function tests repeated after periods of 3-17 weeks, depending 
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TABLE 2. Changes in glomerular Sitration rate &7FR), effective renal plasma flow (ERPF) and 
filtration fraction (FF) in patients. measuree before and soon after starting CyA for the first time 





Taking CyA 
Before CrA Sh scat eta ts eS ahr See a a ek nal 
Patient: 2 | 3h eee eas Sr [Duration 
no. Age Sex GFR =RFF FF (weeks) mg/kg GFR ERPF FF 
I 61 M 72 2gt Fy 18 2-0 51 IGS 026 
2 38 M 127 4z 3 20 4 3°5 122 549 0-23 
3 37 F go 378 F24 4 3'5 92 324 028 
4 51 F G NT a 9 35 94 49 223 
5 41 M Izi £37 + 28 8 3-0 9I 282 0'32 
6 31 M 124 G16 ZO 12 3°5 LIZ 543 O-21 
7 57 T03 NE = 16 2°5 97 473 0°20 
8 34 Tit s96 r23 4 40o 118 et 0°23 
9 §2 M 95 1st r27 8 30 95 3990 O24 
10 34 M 137 £62 DT 6 3:0 104 4E7 O-2 
HI 61 M 128 Eos r 10 2-0 99 422 O25 
Mean 45 jie 490F 9°28 9 3-0 97* piot 0-24 


Comparisons made on median vehues using Wie exon match pairs signed rank test. 
* GFR before and after CvA P<«roz. 
+ ERPF before and after CvA P = vl. 


on the recurrence of the psoriasis. UyA wes then reintrocuced because of the relapse in the 
psoriasis. The results of changes ir GFR and =RPF are shown in Table 1. The GFR rose 
significantly on stopping the CyA bat returned © approximately the same value as after long- 
term CyA, on reintroduction of the drug. The FF remained within normal limits, except in 
patient No. 6 when she recommenced CyA. 


Group 2 

The results of GFR and ERPF befcre and after 4-18 weeks treatment with CyA are shown in 
‘Table 2. There was a significant fail in both EFR anc ERPF after taking CvA but the FF 
remained constant. 


DISCUSSION 


This study shows that impairment of renal funcz on is reversible in patients with psoriasis after 
long-term treatment with CyA taker at a relative.y low dose. In those patients with a low GFR, 
there was a rise in the GFR when Cy.A was Cisce7ztinued. As the values for the GFR and ERPF 
were not determined prior to starting CyA, it i sot known whetier the GFR and ERPF had 
returned to their pretreatment levels when the yA was stopped. The GFR was at the lower 
range of normal values for the patierts’ ages.ever after stopoing CyA, and there may have been 
an even greater rise in the GFR if it had been pos ble to discontinue CyA for longer periods, but 
this was not practical because of the ~clepse ef tE- psoriasis in all six patients. In addition, three 
of the six patients (Nos 4, 5, 6, group 1) witha los GFR, were the oldest of both groups 1 and 2, 
and it is possible that older patients are more susceptible to the nephrotoxic action of CyA. It has 
been reported that reversibility of irmpatred remad function due to CyA is less likely in patients 
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over 60 compared to those under this age.’ Also one of the six patients (No. 4) was taking a 
NSAID, which is known to have a synergistic nephrotoxic effect with CyA. 

It has been known since the initial use of CyA in organ transplantation that nephrotoxicity is 
dose related.> Permanent renal damage has been found in non-transplant individuals who were 
receiving relatively high doses (initially 10 mg/kg per day) for uveitis,* but there may have been 
disease-associated renal dysfunction. The advantage of studying patients with psoriasis is that it 
is not associated with any known renal dysfunction and responds to a low dose of cyclosporin. 
The results of the present study in psoriasis also supports the hypothesis that the primary site of 
nephrotoxicity is one of vasoconstriction of the afferent glomerular arterioles, as both the GFR 
and ERPF tend to fall proportionally. *™tt Until the long-term nephrotoxic effects of CyA in the 
treatment of psoriasis are known it is advisable to carry out radioisotope studies of renal function 
prior to commencement of CyA. Serum creatinine and clearance estimations are not sufficiently 
accurate to detect mild to moderate cases of renal dysfunction which subsequently may be 
incorrectly attributed to CyA. 
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SUMMARY 


Oral cyclosporin A (CyA) is highly effective in the treatment of psoriasis. ‘The long-term use is 
limited by dose-dependent side-effects, and the local concentration of CyA is a determining 
factor in treatment. The concentration of CyA in suction-blister fluid (SBF) and in whole blood 
was assessed using a polyclonal radioimmunoassay (RIA). This was carried out in patients with 
psoriasis following a single dose of CyA and while on adequate oral treatment with the drug. 
Peak blister fluid levels ranged from 32 to 170 ng/ml, and whole blood levels from 1250 to 2540 
ng/ml. CyA trough levels (12 h following taking the drug) in the blister fluid ranged from 22 to 
113 ng/ml, and in whole blood from 148 to 935 ng/ml. The trough concentrations in SBF were 
approximately 10% of whole blood trough levels, 


Systemic cyclosporin A (CyA) has been found to be highly effective in the treatment of 
psoriasis. !'? It is suggested that the drug acts locally in the skin, since a significant improvement 
has been obtained with intradermal injection of CyA into plaques of psoriasis.” However, 
topical application of CyA was insufficient to control psoriasis.* As yet the pharmacokinetics 
and target specificity of CyA in the skin are not fully understood, though it is generally accepted 
that the main target in psoriasis is activated lymphokine-secreting T helper-inducer cells.° As 
suction-blister fluid (SBF) is considered to represent skin interstitial fluid, in this study we 
determined the concentration of CyA in SBF in patients who had psoriasis and who were in 
remission while under oral treatment with this drug. 


METHODS 


Patients 
Ten male patients (aged 27-77 years) with stable, severe chronic plaque psoriasis and with a 
PASI score of 26-42 were selected for oral treatment with CyA (Sandimmun®) following failure 
Correspondence: Dr M.M.H.M.Meinardi, Department of Dermatology, University of Amsterdam, Academisch 
Medisch Centrum, Meibergdreef 9, 1105 AZ Amsterdam, The Netherlands. 
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to improve with other treatments-for their pseriasss. These patients had not previously received 
CyA, and had not been treated with topical agents in the 2 weeks before or with systemic drugs 
in the 4 weeks prior to the study. Informed consent was obtained from all the patients. 


Experiment 1 

In four patients the CyA concemtrat:on—time curves were determined in whole blood and in 
SBF obtained from the non-lesienal skin followirg the administration of a single dose of CyA. 
Three of these patients (Nos 1, 2 and 2) had ar: ore. dose of s mg/kg body weight and patient No. 
4 received a single dose of 10 mg/kg. The SBF ane whole blood were collected at timed intervals 
following administration of the drug. 

Treatment with oral CyA was continued until remission was incuced, and then the dose was 
reduced to the lowest level that would maintain a remission cf 8 5-95°%, aS previously 
described. Individual oral doses renged from 1-8 to 43 mg/kg per day, amd under this 
maintenance treatment the CyA concentration—time curves were again recorded in whole blood 
and in SBF obtained from non-lesional skin. 











Experiment 2 

In the other six patients a remission was induced, and the dose of CyA adjusted, and this ranged 
from 2:5 to §-6 mg/kg per day. The trough levels of CyA were determined under maintenance 
treatment in whole blood and in SBF obtained fom previously involved skin. To determine 
whether the skin lesions would recur at these sies, the dose of CyA was reduced slightly in 
several of these patients. 


Collection of SBF and whole blood saraples 

SBF (0:1 ml) and 3 ml heparinized venous bicod were collected at the time of the oral 
administration of CyA and approximately every 1< min during the first 2 h, and every half-hour 
over the next 8 h, and at 12, 24 and 72 h. Samples were stored at room temperature. 

Suction blisters were produced using a Derreovac® device’ on the volar surface of the 
forearm. Blisters were raised on nen-lesional skin ‘experiment 1) or on previously involved skin 
(experiment 2). Blisters were not raised on lesions] skin, due to fragility of the blister roofs, A 
negative pressure of 300 mmHg at room temperature resulted in blister formation within 60~90 
min without any apparent haemerrhage. The blisters to be harvested in the first 2 h of the 
experiment were raised before the actual admmistzation of CvA, and due to an inter-individual 
variation in time of blister formation, the samplingschedule could only be approximated. Whole 
blood CyA levels rather than plaema levels were measured.* 


Drug assay 

Whole blood and SBF CyA levels were determined by a polyclonal Sandoz radioimmunoassay 
kit, in which the 3H-tracer was replaced by a '*5I-4racer. CyA concentrations determined in a 
pilot study in SBF appeared to be much lower thar:in whole blood. The usual sample dilution of 
I: 51 as indicated in the Sandoz manual was therefore reduced to 1:10. To maintain standard 
conditions, SBF dilutions were prepared with 1: «1 diluted ‘o time) blank whole blood. 


RESULTS 


Experiment 1 
The CyA concentration-time curves for SBF and whole blood folowing a single oral dose 
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FIGURE 1. Concentration—-time curve in suction blister fluid (@) and whole blood (©) after a single oral 
dose of 5 mg/kg cyclosporin A in a representative patient (No. 1). 


TABLE 1. Single dose and steady state CyA concentrations in SBF (obtained from 
non-lesional skin) and whole blood 


AONO OAE a NOI 


Peak levels Trough levels 
SBF 
Patient Dose Blood SBF Blood. ery 
no. (mg/kg per day) (ng/ml) (ng/ml) (ng/ml) (ng/ml) % of blood 
Single dose 
I 5 2200 170 504 56 Irl 
2 5 1360 54 148 12 81 
3 5 742 32 274 22 8-0 
4 10 2540 133 542 78 i44 
Steady state 
I 29 1320 103 427 64 13°6 
2 43 1370 170 236 23 97 
4 1-8 1640 153 790 71 ya 
4 4'0 1250 102 371 44 11-6 
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showed a large inter- and intra-individual variation which was not dose-dependent. A 
representative curve is shown in Figure 1. The peak and trough concentrations of CyA are 
shown in Table 1. Although falling CyA blood concentrations could be fitted to a triexponential 
equation, our study was too small to allow more conclusions to be made on the pharmacokine- 
tics. The single dose and steady-state data are therefore grouped together. Peak whole blood 
levels (Table 1) ranged between 742 and 2540 ng/ml, and SBF peak levels ranged between 32 
and 170 ng/ml. Peak SBF levels were reached 2-4 h after peak levels in whole blood. From about 
7 h following oral dose a dynamic equilibrium was reached between SBF and whole blood levels 
(Fig. 1). SBF levels ranged from 5 to 144% of the whole blood levels. At 12 h after 
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TABLE 2. Trough CyA concenerations im SEE (obtained 
from healed skin} and whole bused from patients under 
maintenance treatment 








SBF 

Patient Dose Boal  aeeeemmmeeammmea 
no. (mg/Kg per day) (ngjet (g/mi) ° of biced 

5 $2 35E 8 8-5 

6 EO ORE 1c2 109 

7 cae eer iT 12-7 

8 47 GEE 53 8-8 

9 $. 6 GCG GD rə 
IO 2% 24E 20 8-3 
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administration of CyA, trough levels in whole bloed ranged from 148 to 790 ng/ml, and in SBF 
from 12 to 78 ng/ml. 


Experiment 2 

Trough blood levels in six additienal patients ontsaintenance treatment with CyA ranged from 
240 to 935 ng/ml, and SBF levels from 20 to 113 ng/ml ‘Table 2). Inter-individual variations 
again appeared unrelated to the administered dose. The Wilcoxon test did not show any 
statistical difference between trough levels in experiments 1 and Z. 


DISCUSS. AON 


The efficacy of cyclosporin A in the treatment of psoriasis is established, but the mode of action 
of this drug is still a matter of debate.“ The localized effect of CyA when injected intradermally 
in psoriasis indicates that it acts in a concentration- dependent manner in the skin. Patients with 
psoriasis treated with CyA at a dosage of 14 mg/kg mer day, showed in keratotome biopsies taken 
from lesional skin, that the concentration of CyA ia the epidermis was 1~3 g/ml.” These levels 
approximated to the whole blood levels, and were high enough to suppress proliferation of T 
cells, and have also been shown to suppress the croliferation of keratinocytes and fibroblasts 
cultured in serum-free medium.” !° However, there was no significant antiproliierative effect 
with these levels of CyA when fibroblasts and kerasmocytes were cultured ina serum-containing 
medium. 

While concentrations in the keratotome biepsics represent the actual CyA concentration in 
the epidermis, it is possible that some part of the CyA is located where the drug is not 
pharmacologically active. Using radiolabelled C»A-loaded human Burkitt lymphoma cells, 
only a slow loss of the intracellular radiolabel was: caserved when these cells were resuspended in 
a medium free of CyA.'! Removal of the extracefular CyA however rapidly restored normal 
lymphocyte function.!?-!4 

The CyA is believed to reach target cells in the skin through the interstitial fluid and direct 
cell-to-cell transfer of CyA was net found (M.B.A 













sessed using skin-blister techniques.'*-!7 In 
experiment 1, we found that from: 7 to 8 h after the administration of CyA there was a dynamic 
equilibrium in the levels of CyA between SBF and whole blood. The SBF levels were 
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approximately 10% of the whole blood levels (range §-14°4°%). The SBF peak levels in patients 
with psoriasis in remission on treatment with CyA ranged from 102 to 170 ng/ml, and the SBF 
trough levels from 20 to 113 ng jml. These concentrations appeared to be sufficient to maintain 
control of the psoriasis. These levels are also compatible with inhibition of T cells, but 
insufficient to affect proliferation of keratinocytes and fibroblasts ¿n vitro. 

Our finding that SBF levels of CyA are substantially lower than whole blood levels was 
expected, and reflects the distribution of drug between blood cells and plasma, and the ratio of 
lipoproteins in interstitial fluid and plasma. About 50% of the whole blood CyA is located in the 
plasma compartment, and is mainly associated with lipoproteins. '!*-?° The concentrations of 
high and low density lipoproteins in SBF are 25 and 16% respectively of those in plasma.*? 
Lower serum concentrations of lipoproteins enhance the inhibition of the im vitro growth of 
human T cells, fibroblasts and keratinocytes by CyA.?'°-?* The intracellular uptake of CyA was 
enhanced two- to threefold when keratinocytes were cultured in a serum-free medium.’ The 
uptake of CyA by lymphocytes was enhanced when the drug was complexed with low-density 
lipoproteins.?3 Several recent studies have shown the protective effect of an elevated 
concentration of plasma lipid in vivo, and elevated triglyceride levels were associated with a 
reduced efficacy and distribution of the drug despite high serum levels.** Also, high cholesterol 
levels gave protection against hypertension and nephrotoxicity.” These findings are related to 
the drug being very lipophilic. 

It is not yet known whether the extracellular SBF levels or the intracellular accumulated 
levels of CyA are more relevant to its im vivo effects. Further investigations are indicated to 
establish the location of the drug in the skin following oral administration, and also to determine 
the penetration of new and more effective topical formulations of CyA for the treatment of 
psoriasis. 
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SUMMARY 


Ten patients with severe progressive systemic sclerosis were treated with cyclosporin A at 
dosages of 1:5-7:5 mg/kg per day: two patients showed a marked improvement with softening of 
the involved skin; in one patient there was healing of persistent digital ulcers; one patient 
showed initial improvement followed by a marked exacerbation; one patient was slightly 
improved; two patients were unchanged. The clinical results correlated well with levels of serum 
aminoterminal propeptide of type III procollagen. In the eight patients completing treatment, 
side-effects such as slight tremor and a transient increase in the serum creatinine and blood 
pressure were either absent or reverted to normal when the dosage was decreased, except one 
case who had to be treated with anti-hypertensive drugs. 


Systemic sclerosis (SS) or systemic scleroderma is a disease involving the skin and the 
connective tissue of other organs. There is progressive fibrosis in this disorder for which there is, 
as yet, no adequate therapy although penicillamine, which affects cross-linking of collagen, may 
be of some benefit.’ * 

Different immunological mechanisms have been implicated in the pathogenesis of the 
disease.*'* Although autoantibodies against nuclear and cellular antigens are highly specific for 
SS, there is still no evidence that they are directly involved in its pathogenesis. Attention has 
been directed to cell-mediated immunity, and an elevated ratio of T4/T8 lymphocytes has been 
detected in SS‘ together with augmented T-helper cell function.® Since interleukin 1 modulates 
fibroblast metabolism’ and antigen-stimulated T cells can increase collagen synthesis," we 
considered cyclosporin A (CyA) as a treatment for SS.? We present our studies on the treatment 
of SS with CyA including investigations on serum aminoterminal propeptide of type III 
procollagen (PIIINP), that we previously found to be a marker of fibrogenesis in this disorder. 5. 


METHODS 


Three males and seven females with severe progressive SS were treated with CyA at doses of 
r5-75 mg/kg per day. All patients fulfilled the criteria for scleroderma of the American 
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were measured by radioimmunoassay based en the human propeptide;!? this was done before 
and during treatment in six patients, and only once in the other four. 


RESULTS 


The clinical results are summarized in Table 1. In rwe patients (Nos rand 9) there was a marked 
regression of the skin fibrosis with:softening and mx further progression of the disease was noted. 
One patient (No. 10) had compiete healing of her cersistent, painful digital ulcers. In two other 
patients (Nos 2 and 4) an initial clinical improvement was observed, but this was followed in one 
by a pronounced exacerbation after approximately 6 months of treatment. Three patients were 
unchanged, and two patients discontinued treatment after 4 and 6 weeks due to neurological 
side-effects. Both were started on a relatively higk dose (7 and 7-5 mg/kg). Side-effects in other 
patients, such as slight tremor anc an crease in the serum creatinime and blood pressure, were 
either absent or disappeared when the dose of CyA was decreased, except in one patient who had 
to be treated with antihypertensive drugs. Nene ¿f the patients went into renal failure. 

All five pretreatment kidney bicpsies were normal, but in one patieat after a year of treatment 
the biopsy showed mild CyA-associated arterieiopathy,'* and this resulted im the patient 
stopping therapy with CyA. Another post-treatment biopsy showed similar changes and the 
treatment of this patient was changed to precnisene and azathioprine. No significant visceral 
improvement occurred with CvA treatment in these cases. 

The levels of PIIINP are shown in Table r and Figure 1. Four of seven patients had 
pretreatment values above the reference range (1-7-4-2 ug/l)’ and one had a borderline value 
(42 ugjl). All the patients monitored before and during treatment had a significant initial 
decrease in levels of PITINP (paired t-test, P =0-0mz). However, in one patient this was followed 
by a significant increase on develeping myositis. In the patient with the highest pretreatment 
values in which a significant decrease in PILINP was accompanied by good clinical 
improvement, PIIINP had gradually increased from 3-7 ug/l to 8-1 ugA during 6 menths prior to 
treatment with CyA, while the patient was on prednisone. 





DISCUSSION 


The results of this study agree well wath those of Frances et al.'* who studied skin collagen in 
patients with scleroderma before and after CyA therapy. CyA treatment was associated with a 
clinical improvement in two of their four patients and with a clinical and biochemical 
improvement in the other two. Their results were also consistent with the data of Fleischmajer et 
al.'* who suggested that an increase in collagen IT! occurs during the initial inflammatory stage 
of SS. France et al.'* also found an increased ratio of radiolabelled CNBr peptides of type III to 
type I collagen in SS skin with a aon-significant decrease after treatment. One of their patients 


679 


CyA treatment of systentc sclerosis 


gr g- 
6? 0.9 
Te r-t 
ot — 
gs t-9 

lipinwmN TAUN 

Suymp arpg 








'Ásdorq Asuppy peorBojoyied sapeiodo-isod mpqnop s peg iospad sq, F 
'ásdorg pooroped = q ‘Asdoyq prou = N 4 
"FORS Ás MOULEN pAr No0] = S EOTS Os Ás MOUND WND = SCI x 


N € S-F $ + JUON poo SI 
ITURRI 
omnt Uj 
N y S S.Y abu % or poor sqa 
as ‘= S S S.S soN ë Plumpun + sa 
=% = —— SL mwmpgogomoy uopmmjea? ON 9 ST 
aay tes Er — L mopy wpm oN L ST 
N N tI £ S.E mmoN puqun + o£ SI 
KD N z £ Y fo00N parno AN ST 
d N r t-S ¥ poy postu) SI 
pasosdun 
= = £ SL ITON ANGERS ST 
=< = 9 L FUON poop + sa 


y Ujrodsop4é> pius poised SOARS opugsés pja amnad a; SNA JNIIId eaa pue asuodsol porun I FIAV 


$z 


Ra ASSERTS 


A 


Sins muzeu 


mT maroon oA 


680 HZ achariaz et al. 





anme R eC a 
ewacer bata 


= SHG ficant 


7 mor ovenay 


PIIINP (ug/l) 





2 4 6 3 a ZO 14 16 B 


Months of e=atment 


FIGURE 1. Serial PILINP levels im sixpatients-e-th severe SS treated with cyclosporin A. 


died in acute renal failure, but it is not clear whether this was due to treatment or to progression 
of the disease. The case for using CyA ir SS is siupported by three other reports. 16-718 

The effectiveness of various drugs in SSthas always been difficult to determine. However, the 
impressive softening of sclerotic tissue as found in twe of our patients, together with the 
biochemical data, suggests that CyA is useful in selected severe cases of SS. Another significant 
improvement was the complete healing of long-lasting severe painful digital ulcers in a young 
female with pronounced acrosclerosis. This patient had previously been treated with 
penicillamine, ketanserin, nifedipine and rhec-macrodex without any effect. 

Treatment with CyA is probably indicated for early cases of SS with severe progression. 
Further controlled and long-term studies are needed. Even with 2 low-dose regime, kidney 
biopsies should be performed for the detection of chronic renal changes. The finding in one of 
our patients in the post-treatment renal biopsy of definite ch mage and in another of possible 
related toxicity agrees with the cumulative dats of long-term high-dose CyA treatment in 
inducing nephrotoxicity.'!? However, ome drug <ommenly used in the treatment of SS, 
penicillamine, ':? is also potentially nephrotoxic. 

Finally, single-drug immunosuppressive regimes are not generally very effective in treating 
severe cases of connective tissue disorders. In the fature, CyA may be used as a part of a regime 


using several immunosuppressive drugs for severe SS. 
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SUMMARY 


A 19-year-old man with severe acne developed extensive scalp folliculitis and later superficial 
pyoderma gangrenosum following treatment with isotretinoin. A cyclical neutropenia was 
noted and bone marrow findings suggested myelodysplasia. We believe that isotretinoin was 
implicated in the development of overt symptoms in this patient whose haematological 
condition was previously asymptomatic. 


CASE REPORT 


History 

The patient developed severe acne in March 1985. He was initially treated with systemic 
antibiotics in adequate doses (minocycline, cephalexin, and vibramycin) without a satisfactory 
response. His skin deteriorated with the development of painful nodulocystic lesions and he was 
treated with prednisolone. A routine blood count revealed a thrombocytopenia but investi- 
gations did not reveal any underlying cause. A thrombocytopenia which was not investigated 
had been noted 1 year previously when he was an in-patient for the investigation of a painful hip. 
He was treated for 4 months with isotretinoin 80 mg daily (1 mg/kg per day) which produced 
resolution of his acne. Within 2 weeks of stopping isotretinoin he developed episodes of pustular 
lesions on the scalp and abdominal pain. The patient felt unwell in the attacks but there was no 
vomiting or diarrhoea. At this time, swabs from the scalp lesions grew Staphylococcus 
epidermidis. The lesions settled with courses of minocycline (50 mg q.d.s), erythromycin (500 
q.d.s), and clindamycin (150 mg t.d.s). The abdominal pain tended to resolve after 7 days but the 
recurrent episodes persisted. However, by 1988 the skin lesions were not responding to 
antibiotic therapy. The abdominal pain also became more severe and necessitated hospital 
admission for opiate analgesia. 


Correspondence: Dr B.R.Hughes, Department of Dermatology, The General Infirmary, Great George Street, Leeds 
LS 3EX. 
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FIGURE 1. The appearance of the tesions during the attacks of folliculitis. 


He was referred to Leeds Infirmary for further investigation. The attacks now appeared to 
occur at monthly intervals. Over 24-48 h pustule: would cevelop on the scalp, neck and beard 
area which progressed into oedematous, tender fuctuant areas, a number of which became 
necrotic (Fig. 1). The generalized abdominal pain was associated with some tenderness but with 
no other signs. In November 1988, the cutaneous episodes became more severe and frequent, 
now appearing every 2 weeks. The skin sicas changed their character and resembled 
superficial pyoderma gangrenosum, the lesions occurring predominantly on the trunk (Fig. 2). 
As the frequency of abdominal pain did net change, the skin and gastrointestinal features 
occurred more asynchronously. 


Investigations 

The abnormal investigations were for thrombecytepenia, cyclical neutropenia, and intermittent 
normochromic normocytic anaemia. The bone marrow was abnormal, showing plentiful 
dysplastic megakaryocytes and mild trilineage dysplasia. A trephine biopsy showed that the 
bone marrow cellularity was normal. There wes a relative increase in the erythroid series 
showing a left shift and nuclear atypia. Megakzryocvtes were present but sparse and the myeloid 
series was deficient cf more mature forms, with occasional small! aggregations of blast cells, 
suggestive of myelodysplasia. Platelet immunoglobulins were raised. The initial follicular 
lesions grew Staphylococcus epidermidis, one of the two strains of which was haemolytic, and the 
later lesions were sterile. Histology of the initial pustular lesions showed a folliculitis with a 
predominantly acute inflammatory infiltrate; but, in addition. there were some changes of vessel 
damage and fibrin suggesting an accompanying vasculitis. Histology of the latter lesions showed 
ulceration and vasculitis in keeping with the clinical diagnosis of pyoderma gangrenosum. 
Antibodies to extracellular enzymes of S. epiderrzidis, S. haemolyticus and Propionibacterium 
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FIGURE 2. Superficial pyoderma occurring on the patient's trunk. 


acnes were at the lower limit of normal. The following investigations were normal: urea, liver 
function, extensive viral screen including HIV antibody, autoantibody screen, immunoglobu- 
lins, all white cells except neutrophils, natural killer cells, platelet antibodies, neutrophil and 
lymphocyte function, and abdominal investigation including barium studies of stomach, small 
and large bowel, endoscopy, ultrasound, and serum amylase. 


Treatment 

A diagnosis of moderately severe folliculitis following isotretinoin was initially made and this 
was treated with appropriate antibiotics (erythromycin, cloxacillin, and clindamycin). This 
gave some improvement in that it reduced the length and severity of the attacks but did not 
prevent their recurrence. The superficial pyoderma was intially treated with a potent topical 
steroid cream (beclomethasone dipropionate 0:025",,), which caused resolution of the lesions 
but did not prevent their recurrence. 

A course of oral prednisolone resulted in rapid resolution of both the skin lesions and the 
abdominal pain. The initial dose was 40 mg and this was reduced to 20 mg by the time of 
discharge. Over the past 6 months he has required prednisolone at a dosage of 20 mg/day to 
suppress his symptoms. This treatment has led to a rise in the haemoglobin and neutrophil 
count but the platelet count has remained depressed. 
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DISCUSSION 


This patient developed moderately severe folliculitis, pyoderma gangrenosum, and abdominal 
pain in association with thromabecytopenia, cyclical neutropenia and an abnormal bone marrow. 
This occurred following a course of isotretinoia for his acne. 

Folliculitis has been reported following isotretinoin.’ The mest common organism to be 
isolated is S. aureus, although in some patients an erganism is not grown. Haemolytic 
S. epidermidis was isolated from the lesions on the scalp ef our patient. This organism is well 
documented as causing pathogenic infection in emmunosuppressed patients” and we considered 
that the cyclical neutropenia may have contributed to the attacks of folliculitis. 

Both neutropenia and thrombocytopenia have been reported following isotretinoin,?* and a 
recent report” quotes a case of cyclical neutropenia following isotretinoin, although further 
details of the relationship are net given. Our patient who had thrombocytopenia undoubtedly 
had a bone marrow abnormality prior te isetretinom which was asymptomatic. Cyclical 
neutropenia can be associated w:th abdominal pin® anc, although the cause of this is presumed 
to be sepsis, the precise mechan'sm is uncertain. ‘The neutrophil ccunt in our patient fell at the 
time of the cutaneous and abdorninal attacks; however, this was to just below the normal range, 
unlike the unrecordable levels usually documented in hereditary cyclical neutropenia. 

Isotretinoin has also been reported to interfere with the function of neutrophils’? and to 
reduce the numbers of natural killer cells.” We could act detect any abnormality in either of 
these parameters. Acne fulmimans hes been reported to be-associated with vasculitic skin lesions 
and haematological abnormalities,'® particularly ef neutrophils.'! Isotretinoin has been 
reported to have precipitated acne fulminans ia one patient.'* Our patient demonstrated an 
explosive form of acne rather than acne fulmimans >decause of the lack of ulcerative lesions, 
systemic symptoms and response of iis acne-to isotret-nein. The patient has no associated cause 
of pyoderma gangrenosum other then the myelodysplastic syndrome. 

Isotretinoin has effects on the done marrow, particularly neutrophils, and perhaps this should 
be taken into consideration prier to treatment. Our patient had similar changes in the bone 
marrow prior to treatment with ssotretinoin but chis was asymptomatic. Though retinoids have 
been advocated for the treatment of myelodysplastic syndrome,'? this present report suggests 
caution in their use for this condition. 
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SUMMARY 


We report three patients with keratitis, ichthyosis and deafness (KID)-syndrome. All had 
characteristic hyperkeratotic skin lesions and neurosensory hearing defects. Two had ophthal- 
mologic symptoms. The third patient did not have eye involvement at the age of 3 years, but 
exhibited the other typical signs of the syndrome. In none of the three cases were any of the 
patients’ relatives affected, and a spontaneous new mutation is the most likely explanation for 
the occurrence of this rare syndrome. Histopathological and electron microscopic studies 
revealed orthohyperkeratosis but no other pathology and no abnormal deposits of glycogen were 
found. Treatment with the aromatic retinoid etretinate proved to be of little value in any of the 
patients. The necessity for early audiologic and ophthalmologic evaluation and the need for life- 
long medical care for patients with KID-syndrome is emphasized. 


A distinct genodermatosis, the association of hyperkeratotic skin lesions, a neurosensory 
hearing defect, and a vascularizing keratitis occurring in early infancy or childhood, has been 
termed the keratitis, ichthyosis and deafness (KID)-syndrome by Skinner et al.’ The earliest 
publication of a patient with features of this syndrome dates back to 191 5.” Here, three patients 
with KID-syndrome are described, who have been seen in the Departments of Dermatology of 
Vienna and Innsbruck, Austria. 


CASE REPORTS 


Case I 

N.M., male aged 8. The boy was born after an uncomplicated pregnancy. The family history 
was unrevealing, and his sister was normal. Consanguinity was not reported. At birth, his skin 
was red all over but without scaling. Within the first 5 months, brown-black scaly lesions with 
deep furrows appeared over the elbows, extensor aspects of the knees and the dorsa of the hands. 
The skin of the face was red with fine telangiectases and appeared thickened (Fig. 1). The skin 


Correspondence: Professor K.Wolff, Department of Dermatology I, University of Vienna Medical School, Alser 
Strasse 4, A-1090 Vienna, Austria. 
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FIGURE 1. Case 1, boy, 8 years old, Scarring alopecia, brownish-red hyperkeratotic lesions on the earlobes 
and the cheeks; multiple teleangiectases. Note hearime aid. 


texture was generally velvety, but :n creas was rough and sandpaper-like. On both ears and 
cheeks greyish-brown hyperkeratotic verrucous ~laques were seen. Tiny horny spikes were seen 
in a follicular arrangement all over the body (Fig. 2). The palms and soles were hyperkeratotic 
and since the papillary skin lines were both prominent and interrupted, the surface of the skin 
had a reticulate appearance. There was scarrime alopecia on the occiput (due to recurrent 





FIGURE 2. Case 1. Tiny horny spikes o3 the extensor aspects of the fingers. 
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pyoderma) and on the remainder of the scalp the hair was sparse, short and fluffy and of the 
vellous type. 

White and red blood cell counts, blood chemistry and protein electrophoresis showed no 
abnormalities. Serum IgE level was elevated (650 kU/l, normal too kU/l). Lymphocyte 
stimulation tests with concanavalin A and phytohaemagglutinin were normal. The excretion 
pattern of amino acids in the urine was normal; phytanic acid could not be detected in the serum. 
X-rays of the chest, skull, nasal sinuses, the spinal column and hands showed no abnormalities. 
Ophthalmologic examination revealed conjunctivitis; the corneas, lenses and fundi were normal 
as was his visual acuity. A bilateral neurosensory hearing defect had been diagnosed at the age of 
4, and the boy had bilateral hearing aids. His mental development was normal. 

Treatment with etretinate was started at a dose of 1 mg/kg body weight per day with topical 
emollients added. After 4 months of etretinate therapy there were no side-effects except for 
dryness of the lips, but there was no beneficial effect and treatment was switched to I 3-cls 
retinoic acid (Roaccutane®), at a dose of 1 mg/kg body weight per day. Severe headaches 
developed and therapy was changed back to etretinate and moderate improvement was noted, 
but the treatment had to be stopped again because of an elevation of the serum bilirubin level. A 
severe relapse occurred within 3 weeks. After this, the patient was lost to follow-up. 


Case 2 

H.K., female aged 3. The girl was born after an uncomplicated pregnancy. The family history 
was unremarkable and there was no consanguinity. The patient’s 5-year-old sister was normal. 
The patient’s skin at birth was reported to have had a peculiar bluish-white colour and shortly 
after birth she developed hyperkeratotic lesions. The finger- and toe-nails were absent at birth, 
but developed during the first 3 years of life, and the toe-nails became dystrophic. At the time of 
examination, sharply demarcated brownish-red plaques with a velvety surface were present 
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FIGURE 3. Case 2, girl, 3 years old. Brownish, rippled leather-like plaques over the knees. 
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around the mouth, on the cheeks, the tip of the a se, the chin and the ear lobes. Brownish-grey, 
hyperkeratotic leather-like plagues with a rippled surface were seen over the knees, the buttocks 
and the dorsa of the feet (Fig. 3). Her ability to sweat decreased but heat intelerance was not 
reported. The child had sparse, silvery-white, almost unmanageable scalp hair, but the hair 
shafts showed no abnormalities. Erebrows anc « velasnes were completely absent. The palms 
and soles appeared as in case 

White and red blood cell cownts, blood chem stry, serum IgE levels, serum immunoglobulin 
levels, and lymphocyte stimulation tests were within normal limits. ‘Tone-audiograms and a 
brain stem audiometry revealed £ moderate- degree bilateral. neurosensory hearing defect 
localized in the cochlea and alse a dysfunctien of the acoustic nerve. There was a delay in speech 
development for which therapy was initiated. Oohthalmoh gical examination was normal as was 
her growth and mental development. 

Treatment with emollients and keratolytic agents (ro”, urea) did not lead to any noticeable 
improvement. Etretinate (Tizgason") therapy wes initiated at a dose of 0-8 mg/kg body weight on 
alternate days, and later daily. She has received etretinate elsewhere over a period of 8 months, 
but without much improvement and this thera>y has new been discontinued 


Case 3 

G.K., female aged 21. The girl was born after aa uneventful pregnancy with nermal appearing 
skin. The family history was unremarkable without any Consanguinity. At the age of 6 weeks 
moist lesions developed on both earlobes and sp-ead over the whole body, but eventually a 
universal dryness of the skin developed. In the first 2 years of life, the child suffered from 
multiple recurrent pyodermas. At the age of 5, tinea capitis led to a scarring alopecia and 





FIGURE 4. Case 3, female, 21 years old Typical appearance of the face with lichenification of the skin, 


furrows around the mouth, sparse temporal hair. Numerous milia in the periorbital region 
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FIGURE §. Case 3. Peculiar pattern of dermatoglyphics, typical of KID-syndrome patients. 


recurrent episodes of conjunctivitis were reported. The whole skin showed diffuse, fine, scaly 
hyperkeratosis. On the trunk she was anhidrotic, but she sweated normally in the axillae. On 
examination there were flat erythematous, hyperkeratotic lesions with a velvety to spiny surface 
appearing symmetrically on both cheeks (Fig. 4). Over the elbows and knees the skin was 
thickened, greyish, partly red and rippled. The palms and soles appeared as described for case 1 
(Fig. 5). The scalp hair was sparse, partly as a result of cicatricial alopecia; the pubic and axillary 
hair were absent, but no evidence of scarring or atrophy was noticed in these regions. The toe- 
nails were dystrophic and the right mammary gland was hypoplastic. 

Ophthalmological examination revealed stippled opacities of the corneas, but visual acuity 
was normal. A high-grade bilateral neurosensory hearing defect had been diagnosed at the pre- 
school age and the patient used a hearing aid. Her intellectual development was normal. White 
and red blood counts and protein electrophoresis showed normal results. Antinuclear 
antibodies and autoantibodies against smooth muscle cells, thyroglobulin, thyroid microsomes 
and gastric parietal cells were not detected. The T-helper/T-suppressor cell ratio was normal. 
The serum IgE was elevated (980 kU/l; normal range, 100 kU/]). 

A trial of PUVA-therapy was discontinued after 3 weeks because of uncontrollable 
photosensitivity reactions even at low doses of UVA. Retinoid therapy with etretinate at a dose 
of 1 mg/kg body weight in conjunction with topical emollients led to some improvement but this 
had to be stopped after 4 years because of intractable pruritus and hair loss. 


Histopathology 
Skin biopsy specimens from the three patients were taken from various sites (case 1, left knee; 
case 2, buttock; case 3, left lower leg and left palm) and showed similar features. The epidermis 
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FIGURE 6. Massive hyperkeratos.s, hymergranulosis aad acanthosis Sparse lymphohistiocytic infiltrate in 
the upper dermis (Case 3, left lower œg, haematoxy in and eosin stain, < 290). 


was acanthotic with an irregular, sp ked surface. hypergranulosis and massive orthohyperkera- 
tosis. The follicular openings were dilated and lled with horny material. The intraepidermal 
sweat gland ducts were dilated, out otherwise narmal. A sparse lymphohistiocytic infiltrate was 
found in the upper dermis (Fig. 6). The eccrine sweat glands and dermal nerves appeared 
normal and the PAS-stain did not reveal any a=mormal deposits of glycogen. In the specimen 
from the palm, intraepiderma! sweat-gland duets were found predominantly in the ‘valleys’ 
between the horny spikes, where the stratum corneum cells appeared less tightly packed, and 
therefore less coherent. A second biepsy in case ` after 10 months of etretinate treatment showed 
no significant changes. 


Electron microscopy 
Ultrastructural studies of all three patients owed similar features. The epidermis was 
acanthotic and normally stratined end the straum corneum was composed of tightly packed 
layers of cornified cells. The keratirocvtes ef th- basal and lower spinous layers had abundant 
cytoplasm with an increased mumter of orgarsiles. The keratin filament bundles appeared 
thickened and clumped, and their msertion int> desmosemes appeared accentuated (Fig. 7). 
The membrane coating granules appeared norme! and were present in normal numbers. In the 
Stratum granulosum, the keratohyalin granuies and inserting keratin filament bundles 
surrounded the nuclei in a shell-like “ashion. Serce of the nuclei of the keratinocytes in the upper 
layers of the epidermis were deeply indented. 

Melanocytes, Langerhans celis, the Cermal appendages, blood vessels and nerves showed no 
abnormalities. No abnormal deposits of glycogen ər any other material were found. 


DISCUSSION 


Ichthyosiform skin disorders constitute a lange g-owp of genodermatoses which can be classified 
by their mode of inheritance, clinica appearance histopathology and associated symptoms.” In 
some, distinctive biochemica! defec’s have been described.* Congenital deafness, disorders of 
hair, nails and teeth and mental retardation are found in a variety of mostly rare syndromes.“ 
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FIGURE 7. Electron micrograph: stratum spinosum. Keratinocytes with abundant cytoplasm, increased 
numbers of mitochondria (M) and prominent bundles of tonofilaments (T). N, nucleus (Case 1, left knee, 
x 3000). 


The combination of an ichthyosiform dermatosis with deafness and keratitis reported here was 
first described in 1915? and similar cases were reported under various names.*'° In 1981 
Skinner et a/.' proposed the name keratitis, ichthyosis and deafness (KID)-syndrome for this 
disorder. 

There are a number of clinical criteria for the diagnosis of KID-syndrome. A striking 
characteristic of patients with KID-syndrome is their close likeness. Children with KID- 
syndrome look prematurely aged. The skin of the face is dry, with a greyish-brown tone. On the 
cheeks, the chin and the earlobes are found sharply demarcated, usually erythematous 
hyperkeratotic plaques. A prominent fold of the lower eyelids is occasionally seen. Hyperkerato- 
tic plaques are typically found over the elbows, knees, dorsa of hands and feet. A fine lamellar 
hyperkeratosis and tiny horny spikes occur all over the body, and a hyperkeratosis of the palms 
and soles with a leather-like appearance, tiny pits, spikes and interrupted creases are also 
characteristic. Other typical signs of KID-syndrome are the sparse and unmanageable scalp 
hair, the sparse and often absent eyebrows, eyelashes, axillary and pubic hair and often 
hyperkeratotic and dystrophic nails. In two of our patients only the toe-nails were dystrophic, 
whereas the finger-nails were normal. The teeth are normally developed in some patients, but in 
others they have been described as small and malformed, and are likely to develop caries.'*! PART 

Recurrent skin infections are a major problem in patients with KID-syndrome.'9'?:1**! 
Pyodermas, fungal infections often leading to scarring alopecia and recurrent scabies'’ have 
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been reported. A large variety of pathogenic bacteria have been isolated from the skin of patients 
with this syndrome!'!*:! but apart from a cefeet of neutrophil chemotaxis observed in a patient 
with probable KID-syndrome’® the propensit, of these patients to develop infections remains 
unexplained. 

The definition of the syndrome comprises keratitis and deafness in addition to the ichthyotic 
skin lesions. Neurosensory deafness is usuaily present at birth but is often only noted later on in 
life because speech development is delayed.» 71013141719 Bach of our patients had a 
neurosensory hearing defect. 

A vascularizing keratitis preceeded by a purulent blepharcconjunctivitis, and leading to 
corneal ulcerations and pannus formation evemtually resulting in blindness, is found in most 
patients with KID-syndrome. Two of our patients (cases 1 and 3) had recurrent inflammations 
of the conjunctivae. In one case (3), stippled opacities of the corneae were also found, but these 
did not impair visual acuity. As the development of eye disorders has been reported to occur as 
late as the age of 11, 61011151620 these may sail develop in our 3-year-old patient, who at the 
time of examination had no ocular problems Only a few of the KID-syndrome patients 
described in the literature were mentally retardec;*'-*? in eur patients intellectual development 
was normal. A unilateral hypoplasia of the mammary gland, which was found in one of our 
patients (case 3) has occurred in another case.” A peripheral neuropathy was not detected in our 
patients. 

Histopathological studies in our patients showed no abnormal amounts of Keratin in the 
sweat-gland ducts. The appendages were normal and contained no abnormal deposits of 
glycogen as reported in one patient.’° Electron microscopy showed a normally stratified 
epidermis with a thick lamellar hyperkeratosis :r all three cases, keratin filament bundles were 
thickened and clumped and the keratchyalin granules were distributed in a shell-like fashion 
around the nucleus. Peculiarly shaped nuclei wzi deep indentations were found in all patients, 
but the significance of this remains unclear. In cultured keratinocytes from a patient with a 
condition resembling KID-syndrome, no abacrmalities of keratinization were found, and 
immunofluorescence studies of skin biopsies using monoclonal antibodies against prekeratin, 
filaggrin and involucrin have revealed norraal staining patterns.*° 

None of our patients had relatives with skin disorders, hearing impairment or ophthalmologic 
problems and there was no consanguinity. EID-syndrome occurs mostly as a single case and in 
both sexes, and may therefore be considered as s result of spontaneous new mutation. However, 
one example of a vertical transmission of KID-svndrome from father to daughter has recently 
been reported.!’? An eventually fatal squamcus ce] carcinoma of the skin developed in a member 
of this family (father), and squamous cell carcinomas of the skin and the tongue as well as other 


malignant tumours have been reported in other patients. 77774 


Treatment of patients with KID-syndroame ts difficult and only symptomatic relief can be 
achieved by keratolytic agents and therapy for skin infections. Retinoids have been reported to 


be beneficial in hyperkeratotic, ichthyotic disorgers, 757 








but as im our cases, seem to be at most 
of only moderate value for the treatment of Kit>-syndrome. 

KID-syndrome is a rare disorder. Its early ceegnosis is important, and the early wearing of 
hearing aids and starting of speech therapy can prevent the impairment of speech development. 
Life-long ophthalmologic examinations are necessary to avoid corneal damage. The prognosis 
seems to be good in general, but no long-term stuxiies of the outcome of KID-syndrome patients 
exist. The occurrence of malignant tumours.in seme patients with KI D-syndrome suggests that 
the genetic defect enhances the chance for the development of malignancy, and also emphasizes 
the need for periodical examination of the affecced indivicuals. 
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SUMMARY 


Four children with severe atopic eczema developed painless endochondral pseudocysts of the 
external auricle. The lesions were bilateral in two cases. In one case the lesion spontaneously 
resolved; of the remaining five lesions, one contained haematoma and the other four contained 
serous fluid. The aetiology of these lesions and their association with atopic eczema are unclear, 
but repeated minor trauma from rubbing may play a part. 


Of 600 children with atopic eczema referred to our department between 1980 and 1989, four 
developed cystic swellings of the pinna. Standard textbooks of dermatology??? do not mention 
this troublesome complication, and we therefore report details of these patients. 


CASE REPORTS 


Case I 

This boy developed atopic eczema at the age of 18 months. He was referred at the age of 3 years, 
having had four admissions to hospital for severe eczema which was poorly responsive to topical 
steroids and emollients: 95% of his skin surface was affected by severely inflamed atopic eczema. 
His serum IgE concentration was 164,000 IU/ml (normal for age < 42 IU/ml). 

At the age of five years he presented with a 2-cm diameter painless fluctuant swelling of the 
upper anterior portion of the right external auricle which had been present for 2 weeks. It had 
appeared over a few days. He was apyrexial, and there were no signs of skin infection. The lesion 
was thought to be an abscess, and it was explored as an emergency procedure. Clear fluid was 
drained from an intracartilaginous pseudocyst. The incision quickly healed, leaving generalized 
thickening of the upper anterior part of the auricle with distortion of the contour of the rim, 
particularly at the upper pole. At the age of 8, the deformed appearance of the ear was 
unchanged. 


Correspondence: Dr T.J. David, Booth Hall Children’s Hospital, Charlestown Road, Blackley, Manchester Mg 2AA. 
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Case 2 

This boy developed atopic eczema at 3 years of age. His skin lesions were poorly responsive to 
conventional topical steroids, emollients amd various elimination diets. He was referred at the 
age of 5 years, by which time hewas on prednisc one 25 mg daily. Atopic eczema affected 15%, of 
his skin surface, and was particularly severe om he face. His serum IgE concentration was 6200 
IU/ml (normal for age < 52 IU/ml). Prednisc one therapy was discontinued and his eczema 
progressively deteriorated despite topical therary with flurandrenolone 0-01 25“, and clioquinol 
3°% ointment. By the age of 5-5 years he had severely inflamed eczematous lesions that affected 
50°» of his skin surface. He was admitted to Łospital for exclusive feeding with an elemental 
diet, which was associated with some reductica in the degree of erythema of the eczematous 
lesions, and foods were re-introduced singly te identify food triggers. 

While in hospital, he was found one morning :0 have a 2-cm diameter painless cystic swelling 
of the upper anterior portion of the beft external auricle | Fig. 1). At operation 10 days later, it was 
found that the cartilage of the ear had been spl% into two layers with a haematoma in the space 
between the layers. A subperchondral resection of the area was performed, removing all 
affected cartilage. The histology of the resected cartilage was normal and showed no atypical or 
degenerative changes. Seven weeks after the appearance of the farst cyst, he developed a 1-cm 
diameter cystic swelling of the upper anterior portion of the right external auricle. At that time, 
he had active eczema on his ears. His mother commented that he rubbed his ears frequently, 
particularly during sleep. The swelling enlargec, and over the next 4 weeks became tense, tender 
and dark in colour. It was explored, and a collecton of serous fluid was found between two layers 
of cartilage. A subperichondra excision was performed, and histology again revealed normal 
cartilage. 





FIGURE 1. Case 2. Cystic swelling of uppe- anterior portion of left external auricie. 
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At review 2:5 years after operation, his external auricles were soft and of normal thickness, 
with minimal distortion of the rim of the right auricle and slight loss of the left antihelical fold. 


Case 3 

This girl developed atopic eczema at 12 months. She was managed with topical steroids and 
emollients, and was referred at the age of 3 years. By this time eczematous lesions were present 
on the limbs, face and neck, and affected 20% of her skin surface. The seum IgE was not 
measured. There was a history of worsening of the eczema after eating chocolate, and she was 
tried on two elimination diets without success. She was treated with topical hydrocortisone 1% 
and clioquinol 3% ointment. 

Her eczema persisted, and at 4 years of age she presented witha 1:5-cm diameter fluctuant and 
painless swelling of the upper anterior portion of the left external auricle, occupying the whole of 
the scaphoid fossa. No treatment was given, and the swelling resolved spontaneously. Follow up 
at the age of 6 years revealed an almost normal auricle with only slight thickening of the central 
part and flattening of the helical rim. 


Case 4 

This girl developed atopic eczema at 2 months of age. By the age of 6 months 70°% of her skin 
surface was affected. She was treated with topical steroids and emollients and a diet avoiding 
cow’s milk and eggs. At the age of § years atopic eczema affected 90%, of her skin surface, 
including her face, and she was admitted to hospital. Her serum IgE concentration was 67,000 
IU/ml (normal for age <52 IU/ml). She was treated with an elemental diet with some 
improvement. At 6 years old her eczema improved dramatically. 


als 





FIGURE 2. Case 4. Irregular cystic swelling of upper anterior portion of left external auricle. 
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At the age of 6 years 2 months she presented with a painless irregular, fluctuant purple- 
coloured swelling of the upper anterior portione the ‘eft external-auricle (Fig. 2). Over the next 
four weeks this became firmer and tender, ami a 2-cm diameter painless fluctuant swelling 
appeared on the upper anterior part of the right external auricle. Four months after the 
appearance of the first ear swelling, her external. auricles were expuored. The cartilage of the left 
auricle had been split into two lavers, and the space between them contained serous fluid. The 
perichondrium was abnermaliy adherent to “he affected cartilage over the swelling, and 
calcification was present at the upper pele. A similar but less extensive lesion was present in the 
right auricle. The abnormal cartilage was excsed, and histology revealed bands of hyaline 
cartilage surrounded by fibrous tissue but no igclammiatory response. 





DISCUSS DION 


We have described four children with severe stopie eczema who developed painless cystic 
swellings of the external auricle. In two cases these were bileteral, and the second lesion 
developed 4-7 weeks after the first Im the five lesions which were explored, the auricular 
cartilage was found to be split into -wo layers. The space within the cartilage was not 
epithelialized, and was filled with a clear serous fluid in four lesicns and haematoma in one. In 
the two cases (four ears) where histology was performed, the cartilage showed no inflammation 
or degeneration. 

The nature of these lesions is obscure. In appearance and location they resemble 
endochondral pseudocysts*"'’ ‘also kmowm a: cystic chondromalacia!? or seroma of the 
auricle.'®) These are intracartilagincus accumu_ations of serous fuid, occurring most often in 
young, healthy adult males. Histology shows that the cystic space does not have a true lining, 
hence the designation of pseudocyst. There is usually no history of major trauma although, in 
one study, in nine out of 20 patients there was a Ecstore compatible with repeated minor trauma 
such as carrying hampers or large sacks en the shoulder, or lying on a hard pillow.'!° In another 
case the lesion developed in aman 1 week after he had been ‘slapped rather firmly’ on the ear by 
his 4-year-old son.'* Most cases are unilateral, but bilateral cases have been described 8: 12:15:16 
Co-existing skin disease has only been neted onc=: a 2%-year-old man who had severe eczema of 
the face.’ 

Direct trauma is a well-known cause of an acute euricular haematoma. Such haematomas 


appear to be particularly common in wrestlers,'*~*! but can occurin other sports such as rugby 
or boxing. It is said that other types of pressure oc the ear, such as lifting upright pianos or large 
sections of beef, may also cawse suricular heematomas leading, if untreated, to chronic 
thickening and known as ‘cauliflower ears’.’? “hese haematomas only form on the anterior 
surface of the auricle, apparently because of the closeadherence of the skin to the perichondrium 
and cartilage.” However, there is desagreemen: as to whether these haematomas form in the 
plane between the perichondrium and the cartilage or form within the cartilage itself.'?-?! 
Experiments in which weights were repeatedly drepped onto the ears of rabbits resulted in 
haematomas which were mostly intracertilaginous,** leading to an irregularly thickened ear said 
to resemble human cauliflower ear. However, subsequent experiments in which blood was 
injected beneath the perichondrium af rabbit ears demonstrated that this too led to thickening 
and buckling of the cartilage reminiscert of chaxges seen in human cauliflower ears.24 

In our patients there was no history of major trauma. One child had been observed to rub his 
ears frequently although, as al! four patients nad eczema on the ears, it is probable that they all 
rubbed or scratched their ears to some degree. Whether this constitutes sufficient trauma to 
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cause these lesions is unknown. In 1935, Howard described a man with nodular thickening of 
the ear and reported that, as a boy, this patient had been in the habit of fingering or ‘foxing’ his 
ear.?? Howard stated, without any supporting evidence, that trauma to the auricle could cause 
either a subperichondral serous effusion or a haematoma, and suggested that the two were 
related entities. 

All our patients had been treated with elimination diets, raising the possibility that 
malnutrition?> may have somehow caused or predisposed to these lesions. However, all these 
diets were closely supervised by a dietitian, to ensure adequate intakes of protein, energy, 
vitamins and minerals. It is likely that the dietary restriction in these patients is a reflection of the 
severity of the eczema and its lack of response to topical treatment, rather than the cause of the 
lesions. 

The aetiology of these endochondral pseudocysts and the reason for their association with 
atopic eczema remain obscure. Trauma from scratching and rubbing is a possible explanation. 
Spontaneous resolution occurred in one patient and, based on our experience, it would seem 
reasonable to defer surgery and reserve it for lesions which fail to resolve, although it is 
technically more difficult to excise the swellings after many months when the fluid is largely 
replaced by fibrous tissue. Simple incision and drainage, performed in our first patient, gave a 
very poor cosmetic result, and resection of the affected cartilage with preservation of the 
perichondrium would appear to be the best approach. 
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SUMMARY 


We describe a patient with cowpox infection who presented with a sporotrichoid pattern of 
cutaneous lesions. This is the first report of a sporotrichoid pattern of spread in cowpox 
infection. 


Cowpox holds an important place in the history of medicine. For many years cowpox was used 
to confer immunity to smallpox. Following the eradication of smallpox, prophylactic 
vaccination is no longer required, and natural cases of cowpox infection in humans have been 
increasingly recognized. 


CASE REPORT 


An 18-year-old student presented with a 3-week history of swelling of the left cheek and a stye- 
like lesion on the left upper eyelid. The onset of the swelling had been accompanied by an 
influenza-like illness, and the condition was unresponsive to broad-spectrum antibiotics. He 
had previously spent a month working in the garden of the new family home built on reclaimed 
farmland. He owned a pet adult male cat which occasionally scratched him, but had no other 
contact with animals. 

On examination he was found to have ulcerated nodules on the left upper and lower eyelids, 
and numerous deep nodules extending in a linear sporotrichoid pattern across the left cheek 
(Fig. 1). The left preauricular and cervical lymph nodes were enlarged. 


Investigations 

Full blood count, serum biochemistry and glucose were normal. Microbiological examination of 
pus from the lesions was negative. A biopsy from one of the ulcerating lesions showed a deep 
dermal granulomatous infiltrate surrounded by plasma cells, foci of necrosis and an acute 
inflammatory infiltrate. Stains for fungi, bacteria, acid-fast bacilli and viral inclusions were 
negative. The diagnosis of cowpox was made when a culture of material from one of the ulcers, 
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FIGURE I. Soerotricheid patten of cewpox lesions. 


on chorio-allantoic membranes of fertile hens’ eggs. produced the typical haemorrhagic lesions 
of cowpox virus infection. Antibodies to orthopex virus were found at a titre of 1 in 512 in 
convalescent serum from the patient, and at atitre ef 1 in 64 in serum from the patient’s cat. (The 
patient had never been vaccinated against smallpox. 


DISCUSSION 


A sporotrichoid pattern of infection has not previously been reported with cowpox infection, 
which usually produces a single ulce- and local lynphadenopathy. A proximal linear spread of 
infective lesions, presumably along lymphatics, is typical of sporotrichosis, and has been 
reported in atypical mycobacterial in=ections, nocerdiosis. leishmaniasis and cryptococcosis.'~* 
We initially considered an inoculation mycobacterium infection to be the most likely diagnosis. 
Cowpox, smallpox and vaccinia are orthopox viruses and share common antigens. Antibodies to 
one orthopox virus confer protection against the others and this principle has been used in 
vaccination for many years. 

Cowpox holds a unique place in the history of medicine and smallpox. For centuries, 
smallpox was a severe disease associated with many fatalities in every part of the world. The 
disease left its survivors pock-marked and it wes realized that pock-marked persons never 
caught smallpox again. Inoculation of susceptible individuals with smallpox pus or scabs 
produced a much less severe form of the disease and conferred protection from fatal smallpox. 
Variolation, as this practice became known, was w idely practised during the second half of the 
eighteenth century in Europe, but despite the advantages ef variolation it was recognized that 
occasionally inoculated subjects died or conveyed severe disease to susceptible contacts. 
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Edward Jenner is credited with recognizing the advantages of the use of cowpox to confer 
immunity to smallpox. He had been called upon to variolate people in rural communities and 
found that many resisted his efforts to induce mild smallpox infection. These patients had 
previously had a disease they called cowpox, contracted by milking cows that had an eruption on 
their teats. Jenner found, however, that some of those who seemed to have had cowpox 
nevertheless were susceptible to variolation. From further investigations Jenner was to learn 
that cows’ teats were subject to various eruptions and that these were all capable of 
communicating sores to the hands of milkers. Furthermore, all sores derived from the animals 
were loosely called ‘the cowpox’. Jenner carefully distinguished the features of ‘true’ cowpox 
which conferred immunity to smallpox, from ‘pseudo-cowpox’ which possessed no such 
powers. (‘Pseudo cowpox’ is a bovine orf virus infection which may produce ‘milkers’ nodules’ 
on the hands of milkers.) He demonstrated that artificial inoculation with cowpox material 
protected against smallpox. This practice became known as vaccination and replaced 
variolation. 

In 1939 it became possible to characterize the properties of the virus present in the vaccine 
material. At this time it was discovered that the vaccine virus had unique properties which 
distinguished it from the virus of natural cowpox, and it was therefore named vaccinia virus.’ It 
must be assumed that Jenner’s original cowpox became replaced by vaccinia during its artificial 
propagation. 

Despite its name, cowpox is not enzootic in cattle, although bovine cases do occur.’ It is 
probable that cowpox virus, which has been demonstrated to have a wide host range, produces 
enzootic infections in a variety of rodents from which it is occasionally transferred to other 
animals: cows, cats, zoo animals and sometimes man. In turn, cows, cats and sometimes zoo 
animals could serve as a source of infection for humans. Attention has been drawn to the 
domestic cat which has been recognized increasingly as a source of human infection.2-'! We 
speculate that the patient’s cat became infected with cowpox following contact with an unknown 
reservoir host, probably a small wild mammal, and subsequently transmitted the condition to 
the patient by contact. 

The discontinuation of routine vaccination against smallpox may be expected to lead to an 
increase in the population susceptible to orthopox virus infections, and we may expect to see an 
increase in cases of human cowpox infection which should be considered in patients who live on, 
or visit rural farms or smallholdings and who may have contracted the infection through contact 
with a domestic cat. 


REFERENCES 


1 Higgins EM, Lawrence CM. Sporotrichoid spread of Mycobacterium chelonet. Clin Exp Dermatol 1988; 13: 234-6. 

2 Moore M, Conrad AH. Sporotrichoid nocardiosis caused by Nocardia brasiliensis. Arch Dermatol 1967; 95: 390-93. 

3 Harman RRM. American cutaneous and mucocutaneous leishmaniasis. In: Textbook of Dermatology (Rook A, 
Wilkinson DS, Ebling FJG, Champion RH. Burton JL. eds) 4th edn., Oxford: Blackwell Scientific Publications, 
1986; 1025. 

4 Shuttleworth D, Philpot CM, Knight AG. Cutaneous cryptococcosis: treatment with oral fluconazole. Br 7 
Dermatol 1989; 120: 683-7. 

s Fenner F, Henderson DA, Arita I er al, eds. Smallpox and its Eradication. World Health Organization 1988. ISBN 
92 4 156 1106). 

6 Downey AW. Study of the lesions produced experimentally by cowpox virus. f Pathol Bacteriol 1939; 48: 361~79. 

7 Baxby D, Bennett M, Gaskell RM. Medical implications of feline cowpox. Lancet 1985; ii; 45. 

8 Willemse A, Egberink HF. Transmission of cowpox virus infection from domestic cat to man. Lancet 19853 4 1515. 


British Journal of Dermatology (1990) 122, 709-713. 


Acral granulomatous dermatosis 


S.MIYAGAWA, M.KITAOKA, M.KOMATSU, K.SAKAMOTO AND 
T.SHIRAI 


Department of Dermatology, Nara Medical University, Japan 


Accepted for publication 21 November 1989 


SUMMARY 


A 17-year-old boy developed an acral granulomatous dermatosis which resembled clinically 
acrodermatitis continua of Hallopeau. The histology showed dermal and subcutaneous abscess 
formation with granulomas. The lesions responded to systemic corticosteroid therapy, with 
residual atrophy and contractures of the fingers. 


Acral dermatoses are relatively uncommon and many cases are due to non-specific inflammatory 
conditions such as contact dermatitis, or chronic infections such as paronychia. Rarely, 
persistent acral pustulation occurs of the type described by Hallopeau as acrodermatitis 
continua. We describe a distinctive type of acral dermatosis with the formation of granulomas. 


CASE REPORT 


A 17-year-old boy was admitted in December 1988 with fever, malaise, arthralgia and tender 
swellings of the fingers. He had been well up to 3 months previously when he developed a fever, 
as high as 38-0-38-5°C, and a painful swelling at the tip of the left small finger. Despite treatment 
with various antibiotics, new lesions appeared on other fingers and on his forehead. 

On examination, there were erythematous indurated and pustular lesions on the fingers and 
forehead (Fig. 1). The pustulation of the nail bed and matrix had led to loss of the nail plate and 
severe onychodystrophy (Fig. 2). 

The laboratory findings were haemoglobin 12-1 g/dl, red cell count 450 x 10*/mm?*; leucocyte 
count 19,200/mm? with 87°, neutrophils; the erythrocyte sedimentation rate was 76 mm in one 
hour; platelet count 62 x 10*/mm*. The liver enzymes were normal except for slightly elevated 
GPT, 97 IU/], (normal 4-33 IU/1) and y GTP, 72 IUJ, (normal 3-62 IU/D. The total serum 
protein was 7:2 g/dl and electrophoresis showed a decrease in the albumin (47:2°,) and an 
increase in the globulins (%1: 49%, %2! 16°6°, P: 10°6%, y: 20°8%). The serum IgG was 1884 
mg/dl (normal 780-1450 mg/dl), C3 200 mg/dl (normal 79-135 mg/dl) and fibrinogen 915 mg/dl 
(normal 200-400 mg/dl). C-reactive protein was 15:3 mg/dl (normal less than 0-3 mg/dl). The 
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FIGURE Indurated erythen sus lesions on the fingers 





FIGURE 2. Pustular lesioas with onvche strophy of the right index finger 
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plasma vitamin B12 was raised, being 3603 pg/ml (normal 300-960 pg/ml) and there was a low 
level of iron, 17 g/dl (normal 120-140 g/dl). The plasma copper was 196 ug/dl (normal 78-131 
ug/dl). Normal or negative results included urinalysis; serum electrolytes, blood glucose; urea 
N; serological test for syphilis; serum levels of IgA, IgM and C4; total haemolytic complement; 
immune complexes using the C1q binding assay; rheumatoid factor; antinuclear antibodies and 
anti-DNA tests; anti-ENA antibodies; blood ratios of T and B lymphocytes; and lymphocyte 
blast transformation assays. No circulating IgG, IgA or IgM antibodies were detected by the 
indirect immunofluorescence technique using normal human skin as substrate. The chest X-ray 
and electrocardiogram were normal. X-rays of the sinuses were normal. Human lymphocyte 
antigen genotypes were A2, Bw46, Bw61, Cw3, DR4. 

All four biopsy specimens obtained from early lesions on the fingers and forehead showed, on 
histology, necrotizing granulomas involving the deep dermis and subcutaneous tissues beneath 
a normal epidermis (Fig. 3). The granulomas were not necessarily arranged around the follicles 
and were characterized by areas of necrosis surrounded by an infiltrate that contained 
neutrophils, lymphocytes, and epithelioid cells, but only rarely eosinophils. Multinucleated 
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FIGURE 3. Biopsy showing granulomatous inflammation with necrosis in the deep dermis. Haematoxylin 
and eosin, x 28. 
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FIGURE 4. X-ray of the teands (February 1989 


giant cells were scattered around the areas f necrosis. Some arterioles showed intimal 
thickening with endothelial proliferation, but were not infiltrated with inflammatory cells. The 
elastic laminae of vessels remained intact. Direct immunofluorescence demonstrated the 
deposition of fibrinogen around the blood vessels in the dermis. but not immunoglobulins or 
complement. The pustules contained necrotic material from the dermis together with whole and 
fragmented leucocytes. Specia! stains for fungi and acid-fast bacilli were negative. Bacterial and 
mycological cultures were negative. 

The patient was treated with etretinate in an initial dose of 30 mg daily, without any 
improvement. The disease gradually progressedtresulting in tissuenecrosis and deformity of the 
fingers. X-rays revealed destruction of the tern nal interphalangeal joints with atrophy of the 
distal phalanges (Fig. 4). Treatment in February | 980 with predn-solone in an initial dose of 40 
mg daily produced an improvement He became afebrile amd the cutaneous lesions resolved to 
leave severe atrophy with contractures of the aTected fingers. All the abnormal laboratory 
investigations returned to normal over the rext 4-6 weeks. He has been on Io mg of 
prednisolone and 100 mg of azathierrine daily for the past 4 menths and continues to be in 
remission. 


DISCUSSION 


This case of acral dermatosis could be confused ith other similar acral and pustular eruptions. 
There was no evidence that any micro-organisms played a role in the causation of the disease and 
cultures and smears were negative for bacteria :md fungi. Treatment with various antibiotics 
was ineffective in our case, anc the good respenseto the systemic cetticosteroid therapy suggests 
that immune mechanisms might be responsible for the tissue damage to the fingers. 
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A disease that shows a very similar clinical picture is acrodermatitis continua of Hallopeau,’ in 
which nail destruction and atrophy of the distal phalanx also occur. Though the condition in our 
case resembled acrodermatitis continua in this disorder the primary lesion is the formation of 
pustules in the epidermis.” In our patient the epidermis appeared normal. Wegener’s 
granulomatosis usually involves the upper and lower respiratory tracts and is characterized by 
necrotizing and granulomatous vasculitis, and very rarely occurs on the hands.* Pyoderma 
gangrenosum is distinguished by characteristic ulceration,* and recurrent febrile neutrophilic 
dermatosis of Sweet® by painful red papules/nodules accompanied by fever and a neutrophilic- 
leucocytosis and can be readily distinguished from the distribution and character of the lesions. 
Though in this disorder there is a dense neutrophil infiltrate, there are no granulomas. 

Our patient had evidence of systemic involvement with fever, an elevated erythrocyte 
sedimentation rate, anaemia, leucocytosis, thrombocytosis, elevated C-reactive protein level 
with abnormal liver function tests and plasma levels of fibrinogen. ‘These abnormal investiga- 
tions returned to normal after the patient was started on prednisolone therapy. Whether our case 
represents a unique and separate entity, or an early stage of a systemic disease remains 
unresolved. 
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Venous stasis ulcers, stasis dermatitis and mothers’ political ambitions for their offspring 


Sir, At the age of four, following my prescription of nettles and whitewash for an ailing racehorse, my 
mother determined that I should be a clever doctor. At the risk of being too clever by half, I suggest that 
J.L.Burton’s observations on venous stasis’ show a lack of understanding of the microcirculatory bed. The 
capillaries that supply the epidermis are a network which even in healthy tissue show some stops and starts 
in the flow of the blood that they contain. Observation of the capillary bed by capillary microscopy or the 
more sophisticated TV microscopy, shows that the stops in the capillary bed are not picked up by the laser 
Doppler and it is common to have fast flow in slightly deeper shunts when there is no flow in the overlying 
capillaries. Anyone who has observed the dilated capillaries that characterize the kind of vasculature seen 
in chronic leg ulceration with livedoid vasculitis will know that when the subject is standing, there can be 
virtually no flow for minutes in the capillaries that supply the epidermis. It may be because of this that 
blood diverted through deeper channels that do not supply a metabolically demanding tissue, will still 
retain oxygen when it reaches the femoral vein. Bollinger et al.? using fluorescence video microscopy 
demonstrated late appearance of dye in some capillaries and others received no fluorescent tracer at all. An 
in depth discussion of this phenomenon was reported? in the following terms: ‘Fagrell in his paper to the 
British Microcirculation Society (and as was demonstrated in several of the workshops) was at pains to 
emphasize that flow in superficial capillaries supplying the skin shows great moment to moment variability, 
known as vasomotion, and did not always correlate in moment to moment changes in total blood flow, as 
measured by techniques such as the laser-Doppler flowmeter. Lack of correlation between superficial 
blood flow and deep mid-dermal or subcutaneous blood supply is a consequence of local factors in the 
capillary, such as haemoconcentration, white cell rheology and variable shunting within the capillary bed 
through preferential channels. Fagrell pointed out that redness and pulsation in an arterial bed can be 
noted at the surface of the skin at the same time as no flow is observed from the most superficial capillaries’. 


Department of Dermatology, T.J.RYAN 
The Slade Hospital, 

Headington, 

Oxford OX3 7JH, U.K. 


REFERENCES 


i Burton JL. Venous stasis ulcers, stasis dermatitis and mothers’ political ambitions for their offspring. Br J Dermatol 
1989; 121: 542. 

2 Bollinger A, Haselbach P, Schnewlin G, Junger M. Microangiopathy due to chronic venous incompetence evaluated 
by fluorescence videomicroscopy. Phlebology 85 Proc First United Kingdom Meeting of the Union Internationale de 
Phlebologie (Negus D, Jantet G, eds), London: John Libbey, 1985; 751-53. 

3 Ryan TJ. Microcirculation Workshops (British Microcirculation Society). Phlebology 85 Proc First United Kingdom 
Meeting of the Union Internationale de Phlebologie (Negus D, Jantet G, eds), London: John Libbey, 1985; 759-62. 


Reply 


Sir, My friend Terence Ryan, it seems, has now replaced whitewash with hogwash. Since capillary stasis 
lasting for several minutes can occur even in normal skin, ' it is not surprising that it can also be observed in 
the skin around leg ulcers. But capillaries are not veins, and it is totally inappropriate to use the term venous 
stasis for such hyperaemic tissue. Whether capillary stasis plays any part in the pathogenesis of venous leg 
ulcers is very debatable. Partsch? showed that the mean transcutaneous oxygen pressure was low in the 
skin around venous leg ulcers, but the inhalation of pure oxygen for 3 min caused a fivefold increase in the 
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cutaneous oxygen pressure. This is what we should expectif there is a pathological diffusion barrier around 





the capillaries, but such a rise of oxygen pressure wood not occur in the presence of significant stasis. 
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Alopecia areata treated with diphencyprame: is an allergic response necessary? 


SIR, The contact allergen diphencyprone (DPC) has been used m the treatment of alopecia areata (AA), 
totalis and universalis, with varying degrees of success. 7 It is an effective form of therapy for mild to 
moderate AA of the scalp, but less «fective when the joss is more extensive; although we have personal 
experience of its success in both alopecia totalis and Umiversalis. 

Contact allergens are thought to act by the initiation ©! a delayed hypersensitivity reaction resulting ina 
specific T'-suppressor-cell response ia the upper epidermis and a nen-specific T-suppressor-cell response 
in the dermis around the hair follicles. This influx cf T-sppressor cells is thought to redress the imbalance 
of helper: suppressor cells present in che perifollicular tinphocytc infiltrate found around hair follicles in 
biopsies taken from patches of active AA. 

Following sensitization the optimum cencentration o DPC used is thought to be that which stimulates 
the production of erythema and pruritus in the area of creatment for 36 h after application. A reaction of 
this type has been considered necessary for successfa treatment. However, Botham er al.> state that 
presensitized mouse epidermis demcnstrated an increas im Langerhans cells following the application of a 
potent sensitizer, dinitrofluorobenzene, at low coaceritrations which dic not elicit an allergic response. 
This observation suggested to us the possibility of stimu aung hair follicles in AA using low concentrations 
of DPC which did not result in erythema and pruritus 

Fifteen patients (six male, nine female; mean age 41 rears, range 16-63 years) with a mean duration of 
alopecia of 10 years (range 1-60 years) were treated wit: DPC as previously described.* Ten of the 15 had 
alopecia universalis, three had alopecia areata confmed t> the scalp and two had alopecia areata of the scalp 
with involvement of body hair also. Following sensitization with a 2°, solution of DPC, the concentration 
was titrated to a sufficiently low concentration (001-007204 °, ) to avoid anv-erythema or pruritus after the 
application of DPC. No adverse side-effects were noted. After 20 weeks of treatment, none of the 1 5 had 
regrown any hair; no vellus hairs, sperse cy strophic hems or sparse termina! hairs were noted during the 
period of treatment. In the previous study* where the mæn age of those with regrowth was 38 years and the 
mean duration of alopecia was 21 years, the initial regrowth was seen after 5-18 weeks of treatment. It 
would appear therefore that the elicitmg of an allergic reection after application of DPC is an integral part 
of successful treatment resulting in hair growth. 
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Interactions between the oral contraceptive pill and antibiotics 


Sir, The efficacy of the oral contraceptive pill in patients taking antibiotics remains an unresolved 
question. No clinical studies exist indicating whether or not the pill failure rate is increased in acne patients 
receiving combined therapy when compared to those taking an oral contraceptive alone. 

We sought to address this problem by interviewing the female acne patients attending our out-patient 
clinic over a 3-year period. Of these patients, only 160 patients had ever been simultaneously prescribed 
antibiotics for acne and the oral contraceptive pill. These patients were asked to fill in a questionnaire 
which was completed satisfactorily by 124 of the patients. We asked the name of the oral contraceptive pill, 
their antibiotics and the length of time during which they were taking the two preparations simultaneously. 
They were asked whether they had experienced any side-effects while on the antibiotics, in particular 
diarrhoea or other gastrointestinal side-effects. They were questioned about pregnancies and whether they 
had ever become pregnant inadvertantly on the pill/antibiotic combination. The number of women years 
was calculated for the period that the patients continued on the pill/antibiotic combination. ‘This was then 
compared to the acceptable pill failure rate quoted by the companies manufacturing a combined low-dose 
oral contraceptive pill using the y7 test. 

The numbers of patients taking the various antibiotics were as follows: oxytetracycline, 26; 
erythromycin, $4; cotrimoxazole, 8; trimethoprim, 1; minocycline, 29; doxycycline, 3; clindamycin, 2; and 
amoxycillin, 1. The total period of time the patients were on both an oral contraceptive and an antibiotic 
was 163 women years. Two pregnancies were attributable to the pill/antibiotic combination. Neither of 
these patients had omitted oral contraceptive pills, or developed diarrhoea or other gastrointestinal side- 
effects. One patient was on Brevinor (oestrogen 35 mg; norethisterone 500 mg) and was taking long-term 
minocycline, and the second patient had taken oxytetracycline for § days while on Microgynon 30 
(oestrogen 30 mg; levonorgestrel 150 mg). This failure rate is significantly increased sixfold when 
compared to the accepted upper limit of normal failure rate of two per 1000 women years’ (P < 0:05). 

A number of authors have reported pregnancy in women whilst on combined oral antibiotics and 
contraceptive steroids.” * This subject has been reviewed extensively by Orme et al. in 1986,° but these 
authors were unable to produce evidence to suggest that the combination should be avoided. The 
Committee on Safety of Medicines have received reports, albeit infrequent, of pill failure due to 
tetracycline, minocycline, cotrimoxazole, trimethroprim, erythromycin and ampicillin. 

We feel the increase in the pill failure rate in our study requires further study. We have attempted to 
increase our data base, but the number of acne patients who are simultaneously prescribed both therapies is 
small compared to the number of females who take either the pill as contraception or antibiotics for acne. 
Despite the limited number of cases, our results show a sixfold risk leading us to advise against the use of 
oral antibiotics in acne subjects who use the pill as a contraceptive. 
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Lithium succinate and seborrhoeic dermatitis: an antifungal mode of action? 





Sir, Recent reports have demonstrated that topical application of an 8°., lithium succinate ointment is of 
therapeutic value in the treatment of seborrheic dermatitis (SD). Many recent studies have implicated 
Malassezia furfur (formerly Pityrosporum spp. in the pathogenesis of SD by demonstrating the clinical 
efficacy of anti-fungal therapy,** bur Boyle and colleagues reported that lithrum succinate had no effect on 
the growth of seven M. furfur isolates when it was tested w vitre at concentrations of 1—1 50 mg/I.' It is 
likely, however, that topical appiaticn of 8%, lithium succinate ointment will result in local 
concentrations far in excess of 150 mgl (appreximetely : mm). Moreover, strains of several species of yeast 
have been reported to be sensitive tc 2-30 mM lithium. which inhibited protein and RNA synthesis. We 
have therefore investigated the response of M. farfur isolates to higher concentrations of lithium succinate. 

Twelve strains of M. furfur were vested by inoculation en to the surface of a lipid-enriched peptone- 
glucose medium® into which were incorpcrated dilutions ofa filter-sterilizec solution of lithium succinate 
to give final concentrations of 1-5-1009 mm. Inocula consisted of r2 5 Hl of moderately turbid suspensions 
(1-§ x 10° cfu/ml) of 9-day cultures of various laboratervy isolates. Fer comparative purposes the inhibitory 
activities of lithium chloride and sodium saccinete were alsceassessed. Minimum inhibitory concentrations 
(MICs) were defined as the lowest concertraticns at whichthere was either no growth or a barely visible 
film of growth after 7 days aerobic incubation at 24°C. 

Results varied markedly among diferen: merphelogica! groups oi M. furfur. Large colony strains which 
predominate on the skin of the upper trunk’ yielded lithium succinate MICs of 100 mm (one strain) or 
50 mM (four strains). Small and medium-sized colony strains, which predominate particularly at sites on 
the head, were more sensitive, with MICs of 6 mx foar strains) or 3 mM (three strains). Parallel 
determinations of lithium chloride end sodium succiaate MICs indicated that lithium was the active 
moiety. 

These results indicate that the M. gerfur strains most prevalent on the head, the primary site of SD, are 
inhibited by lithium succinate at concentrations approximately 1oo-fold less than those available in an 8%, 
ointment. This provides a possible explanation for the efficacy of lithium succinate in SD. The in vivo 
response of M. furfur to lithium succimate is currently being monitored in extended trials to further test this 
hypothesis. 
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Generalized pustular peoriasis in relation to withdrawal of cyclosporin A 


Sm, Recently a case was reported of life-threatening psoriasis, following withdrawal of treatment with 
cyclosporin (CyA).' We wish to report two patients with chronic plaque psoriasis who developed severe 
generalized pustular psoriasis when long-term treatment with CyA was decreased and then stopped. 

The first was a 49-year-old female with a history of psoriasis for 25 years and complicated by arthritis. 
Previous treatments had included PUVA, methotrexate and retinoids and had only resulted in partial, 
short-term remissions. She was initially treated with a dosage of 10 mg/kg per day of CyA and this resulted 
in clearance of her psoriasis. After 2 years of treatment with 6 mg/kg per day of CyA the dose was reduced 
to 3 mg/kg per day over a period of 10 months. The patient developed pustular psoriasis at this lower dose, 
but a further remission was obtained when the dose was increased to 6 mg/kg per day. 

The second patient was a 53-year-old female who had not responded to previous conventional 
treatment. She was started on treatment with CyA at a dosage of 2:5 mg/kg per day without any 
improvement, but the dose was increased to 5 mg/kg per day with total clearance of her psoriasis. The dose 
of CyA was slowly reduced and after being in remission the patient developed severe generalized pustular 
psoriasis a week after CyA therapy was discontinued. ; 

It is now well established that low doses of CyA (3~5 mg/kg per day) can induce remission in a patient 
who has severe psoriasis.’ There are however, a number of side-effects such as nephrotoxicity and 
hepatotoxicity” * that are dose-dependent. The dose of CyA is usually reduced after a period of remission. 
In most of our patients, after a reduction in the dose of CyA there has been no serious relapse, but in these 
two patients when the drug was reduced and stopped, pustular psoriasis developed. This rebound 
phenomenon may be compared to that seen in patients with psoriasis on prednisolone when a reduction or 
withdrawal of the systemic steroid has taken place. We suggest that an alternative treatment of the psoriasis 
should be considered when the dose of CyA is reduced or stopped. 
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Book Review 
Current Topics in Contact Dermatitis. Edited by P_J.FroscH, A.Dcoms-Goossens, J-M.LACHA- 


PELLE, R.J.G.RYCROFT AND R.J.Scuer Springer-Verlag Pp. 613. ISBN Nos 
3-540-50568-7, 0-387-50568-7. 





This book is a representation of the curren# extent ef reszarch and progress ir the field of contact dermatitis 
and environmental dermatitis in Europe, and beyend, Ir is a collation of the proceedings of the inaugural 
meeting of the European Society of Contact Dermatit (ESCD), held in Heidelberg in May, 1988. This 
meeting was held under the direction of the Europear Environmental anc Contact Dermatitis Research 
Group (EECDRG), supported by the Incernational Centact Dermatitis Research Group (ICDRG). 

Contributions from all aspects of contact dermatitis investigation and research are represented in this 
volume, and the editors have categorized the pagers into sections with common interest, e.g. 
immunological aspects, morphological espects, current contact allergens, irritant contact dermatitis, 
contact urticaria, photosensitizers, diagnostic methods and preventive messures. 

The contents of each paper are accurately detaiied, #ath illustrations, both graphic and photographic, 
where relevant, and all papers were serutiuzed by:merzbers of the European Group prior to oral delivery 
and also prior to publication in this volume, This teretere represents an update on current research rather 
than a basic guide to newcomers te tive field of contact derraatitis, but it isa highly desirable volume for all 
departments of dermatology to keep abreast of the kage variety of aspects of research in this rapidly 
developing field. 
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News and Notices 


Fourth International Symposium on Pediatric Dermatology 
Mazara del Vallo (Trapani), Italy, 25-28 September 1991 


The Fourth International Symposium on Pediatric Dermatology, organized by the Gaspare Morello 
International Center for Study and Research and the Foundation for Research in Dermatology, will be 
held at Mazara del Vallo, Italy on 25-28 September 1991. For further information contact Dr Giuseppe 
Fabrizi, Scientific Program Director, Department of Dermatology, Catholic University, Largo Gemelli 8, 
00168 Rome, Italy. 


Mexican Society of Dermatopathology 


The Sociedad Mexicana de Dermatopatologia A.C. has been organized and held its first meeting on 20 
May 1989. 


Melanoma Study Group 
1990 Summer Meeting 


A meeting will be held of the Melanoma Study Group on Friday 1 June 1990 at the Leicester Royal 
Infirmary. For further details write to Dr Robin Graham-Brown, c/o Postgraduate Centre, Leicester 
Royal Infirmary, Leicester. 
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Erratum 





Graham-Brown RAC, Osborne JE. Londen $F et al. The initial effects on workload and 
outcome of a public education campaign on early diagnosis and treatment of malignant 


melanoma in Leicestershire. Br F Dermatel 199%: 122: 53-59. 


Table 1 of this article had a mistake as regards the number of melanomas seen in 1985. This 
should now read 35 and not 41. 


British Journal of Dermatology (1990) 122, 723-728. 


Antigens of the major histocompatibility complex in 
patients with chronic discoid lupus erythematosus 


J.KNOP, GISELA BONSMANN,* P.KIND,7f I.DOXIADIS,+ U.VOGELER, 
GABRIELE DOXIADIS,+ G.GOERZt AND H.GROSSE-WILDE# 


Department of Dermatology, University of Mainz, *Department of Dermatology, University of Munster, 
+Department of Dermatology, University of Dusseldorf and Institute of Immunogenetics, 
University Hospital of Essen, F.R.G. 


Accepted for publication 19 December 1989 


SUMMARY 


The frequencies of the major histocompatability complex class I, class I] and class ITI antigens 
were determined in 130 patients (88 women and 42 men) with chronic discoid lupus erythe- 
matosus, and compared with those of 764 healthy controls. A significant increase in HLA-B7 
(380% in the patients vs. 25:8% in the control group), HLA-B8 (29°5% vs. 17°4%), HLA- 
Cw7 (58:9% vs. 261%), HLA-DR2 (46:9% vs. 297%) HLA-DR3 (32°0% vs. 194%) 
HLA-DQw1 (76°6% vs. 60:5% ), and a decrease in HLA-A2 (41 -9°, VS. §5°7°%) was found. The 
calculated relative risk values for the respective antigens markedly increased when two or more 
antigens were present in one patient, with a maximum relative risk value of 7-4 for the 
combinations of HLA-Cw7, DR3, DQw1 and HLA-B7, Cw7 and DR3, which were found in 
17:2% of the patients and in only 2+3% of the controls. 


Twin and family studies of lupus erythematosus (LE) have shown that besides environmental 
factors which are necessary for full expression of the disease, genetic factors play a significant 
role.! Certain determinants encoded by the major histocompatibility complex (MHC), such as 
HLA-DR3 and probably the silent alleles of the complement component C4, are associated with 
systemic lupus erythematosus.” 

Cutaneous LE is a disease with a broad clinical spectrum and several variants can be 
differentiated, such as discoid LE (CDLE), disseminated discoid LE, LE tumidus, LE 
profundus, bullous LE and subacute cutaneous LE (SCLE). CDLE is characterized by sharply 
defined persistent scaly plaques which heal with scarring and are preferentially localized on the 
face, the scalp and the neck. Association with systemic disease is uncommon* and it can be 
differentiated by histopathology from SLE as well as from the other variants of cutaneous LE.” 

There have been few studies of the frequency of the major histocompatibility complex 
(MHC) determinants in CDLE.®® We have analysed the class I (HLA-A, B, C), class II 
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(HLA-DR, DQ) and class IH (compiement commonents C4A, C4B, Bf) determinants in = 
ere a a ® nenoty pic frequencies with those of healthy 
controls. 





METHCOS 


Patients 

One hundred and thirty Caucasian pacients (88 women and 42 mer.) with CDLE were studied. 
Only patients with typical discoic, hyaerkeratotic and scarring lesions of CDLE confirmed by 
histology and immunofluorescence entered the stedy. Patients with lesions indicative for other 
variants of LE (SCLE or SLED and those with hær loss, pactosensitivity, arthritis, arthralgia, 
pleurisy or pericarditis were excluded. Nene of these patients had those criteria of the American 
Rheumatism Association for SLE.” 

The following routine laboratory investigation® were perfermec: erythrocyte sedimentation 
rate, white blood cell count and differential, urinalysis, creatinine, and serum transaminases. 
Additionally, the patients were testec for rheunvatoid factor, syphilis, antinuclear antibodies, 
antibodies towards extractable cuclear antigens “RNP. SM), simgle-stranded and double- 
stranded DNA, immunoglobulin concencratiens, complement com ponent C3 and C4 by radial 
immunodiffusion and total haemolytic complement (CH<o). 









Controls 

Seven hundred and sixty-four Caucasian indivicwals from the same area as our patients were 
typed for HLA-A, B, C, DR, DQ determinants aad 113 were also typed for their complement 
allotypes Bf, C4A, and C4B according to established methods. 10? 


Statistical evaluation 

The phenotype frequencies of tae HLA, BA Cad and CaB systems were compared using 
contingency tables (Fisher’s exact test, where mccessary’ with corrections accerding to the 
number of alleles tested.'* Relative rick values (R=) were calculated according to the method of 
Woolf.!4 


RESULTS 










The frequencies of the HLA-A antigers showed = statistically significant decrease of HLA-A2 
among the patients (41-9°,,) cempared to cortrols (557%) f = 84; Poor =0°05). The 
frequencies of the HLA-B locus products are shewn in Table r. The HLA-B7 and HLA-B8 
antigen frequencies were elevated ir the pariers group: y” = 12:3; Per = 0°05 for HLA-B7, 
and 77 = 10°4; Peo, = 0°05 for HLA-E8. No Si:gnuicant diference was observed with the other 
HLA-B antigens. The frequencies of HLA-C fecus antigens (Table 2) revealed an increase 
in HLA-Cw7 in the patients (59-2°,, compared w controls (24°67) (27 = 55-9; Poon = 0-001). 

With the HLA class I alloantigens (HLA-DR. DQ), significan: differencies were found for 
t.-A-DR2, HLA-DR3 and HLA-DQw: “Fable: 3). The HLA-DR2 antigen was present in 
46c% of CDLE cases versus 297°, of the contzols (y? = 1a 33 Porr = 0°'005), HLA-DR3 was 
found in 32-0° versus 19°2%% (X? = 10°53 Peon = Ooms), anc HLA-DQw1 in 76-6, versus 60°5°, 
of the controls (y? = 12°13 Peery = D 003%. 

The frequencies of the allotypic variants of the complement components Bf, C4A and C4B 
showed no differences between patiesats and consrols (data not shown). 
The calculated relative risk (RE) values for these negatively or pesitively associated antigens, 
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TABLE 1. HLA-B antigen frequencies (°,,) in CDLE patients 
and in healthy controls 


saesanananmrmsttee integrate atta enltehoeiMuAsAenunesn nhs amn a an 





CDLE Controls 
HLA (n= 130) (n= 764) 1 Poort 
Bs 8s 138 
B7 380 25:8 123 oos 
B8 29°5 i74 10°4 OOS 
Bi2 15-5 246 
B13 5-4 6-0 
Bi4 39 2-4 
Bis 11-6 20:2 
B16 23 Tij 
B17 54 8-5 
B18 13-2 8-4 
B21 2 2°5 
B22 8°5 4°2 
B27 47 g8 
B35 21-7 156 
B37 2-3 26 
B40 IO 13:0 
B41 og 2°6 
B47 16 o7 





HLA-A2, B7, B8, Cw7, DR2, DR3 and DQw1, are given in Table 4. The highest RR value for a 
single antigen was found for HLA-Cw7 with 47. However, the RR value rose to 74 for the 
combination of HLA-Cw7, HLA-DR3 and HLA-DQw1 in the same individual. This 
combination was found in 17:2% of the patients compared to 2:3% of the controls. Similar 
results were obtained for the combination HLA-B7, HLA-B8, and HLA-Cw7, found in 6°5°% 
of the CDLE versus 2-3°% of the controls. All RR values given in Table 4 are statistically 
significant. 

The laboratory evaluations revealed no important abnormalities: 64% of the patients were 
ANA-positive, and anti-dsDNA and SM antibodies were negative in all the patients. 


TABLE 2. HLA-C antigen frequencies (°;,) in CDLE patients 
and in healthy controls 





CDLE Controls 


HLA (n= 130) (n = 764) x Poort 
Cwr 47 8-5 
Cw2 62 9'3 
Cw3 21-7 29°6 
Cw4 17-8 190 
Cws5 5°4 97 
Cw6 14°7 16-0 
Cw7 58-9 261 55:9 O-OOI 
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TABLE 3. HLA class I antigen frequencies (°.,) imCDLE patients 


aidan healthy controls 














CDLE Ceaverels 
HLA free 130) {n= Bd) z? F ae 
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TABLE 4. Relative risk values (PS > for one and more HLA 
antigens expressed ir. CDLE pacents vs. heaithy comrols 





RR corr 
One antizer: 2'5 Səs 
HLA-B 1-8 O95 
HLA-B 2-0 cos 
HLA-Cw7 4:2 Cao! 
HLA-DF z 25% Cr 5 
HLA-Dr.2 2-0 Oras 
HLA-DOw? 21 Cres 


Two antigens 2°8 O-9001 
HLA-By. DR: ro COs 
HLA-Bs.DR3z 27 C2001 
HLA-$7. BS 37 C@Q001 
HLABr-Cw7 379 CHODI 
HLA-Cw7, D42 39 c'001 
HLA-BS, Cw 45 C2001 


Three antigens yi C9001 
HLA-B, Cw, DR3 44 2001 
HLA-B8>. B8, Cw 7-1 Ca00] 
HLA-Br. Cwt, DR3 Tå C00! 
HLA+Cv7, D3, DOwa 74 C9001 
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DISCUSSION 


The variants of LE have been shown to be heterogeneous, particularly in their immunogenetic 
background.!*-!° In the present study a large number of CDLE patients were analysed and this 
subtype of LE was shown to be positively associated with HLA-B7, B8, Cw7, DR2, DR3 and 
DQwt. The respective RR values for these antigens averages about 2-0 with a maximum value of 
4:2 for HLA-Cw7. A combination of the above antigens in one individual raised the RR value to 
7-4 for HLA-Cw7, DR3 and DQwi and for HLA-B7, HLA-Cw7 and DR3. These specific 
HLA antigen combinations were found in 17-2", of the CDLE patients compared to 217% of 
controls, 

To our knowledge, there have been few HLA studies in CDLE patients. In a recent study 
with 19 black and 22 white CDLE patients, an increase of HLA-DRwé6 was reported in both 
races as compared with controls.’ Other CDLE studies demonstrated an association with HLA- 
A28 in black patients and with HLA-Bs in white patients,°" with HLA-B8 in patients greater 
than 40 years old,° or no significant association.® In a study of HLA antigens in 69 patients with 
CDLE,® an increased incidence of HLA-B7 and HLA-B8 related to the age at onset and sex of 
the patients was reported. Female patients, with onset 15-39 years, with either SLE or CDLE 
which had transformed to SLE, showed a significant increase in HLA-B8 compared with the 
females in the same age at onset group who had CDLE. We did not investigate this particular 
relationship, but the follow-up of our patients for 2-8 years has not revealed transformation into 
SLE and in most cases the ANA titres have remained constant over this time. 

The results presented demonstrate the distinct immunogenetical background of CDLE 
compared to other types of LE. In most studies of SLE patients an increased frequency of HLA- 
DR3 has been found, !®1%21-23 while in a few an increase in HLA-DRz2 has been described. +7 
In the case of drug-induced LE, e.g. hydralazine-induced LE, an association with the HLA- 
DR4 antigen was found.?* Recent data on Venopyronum-induced LE showed an association 
with HLA-DRg4 and the Gm 3.5.12 allotype, and a negative association with HLA-DR3.”° In 
another recently defined subset of LE, subacute cutaneous LE, characterized by distinct non- 
scarring annular of papulosquamous lesions accompanied by few or no serious systemic 
features,2° HLA-DR3 was found to be increased.”’ A partial or complete lack of the serum 
complement component C4 due to one or more null alleles at the C4A and/or CB4 loci has been 
reported to be associated with SLE, and is thought to increase susceptibility to SLE.7* In our 
study of CDLE patients no increase of C4A of C4B null alleles was found. 

The immunogenetic data in CDLE suggest a combined effect of distinct HLA class I and class 
II gene products on susceptibility to CDLE. However, the relatively low RR value for a single 
HLA antigen reflects the involvement of other polymorphic structures such as immunoglobu- 
lins and/or T-cell receptor molecules. Molecular genetical analysis of, for example, T-cell 
receptor polymorphism, may further elucidate the genetic background of susceptibility to 
develop CDLE. 
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SUMMARY 


Normal human keratinocytes and the keratinocyte-derived cell lines NCTC 2544 and A 431, 
were exposed for different periods (1-5 days) to various concentrations (0:023-46°6 ug/ml) of 
nickel (Ni?*). A dose- and time-dependent inhibition of cell growth and viability was observed. 
Cultures exposed to 2-3 ug Ni?*/ml showed approximately 50% cell survival at § days. An 
increase in release of interleukin 1 by keratinocytes was detected following culture for 24h witha 
Ni** concentration of 2:3-11'5 ug/ml. Short periods of incubation (30 min) with these 
concentrations induced an activation of lipoxygenase in leucocytes from healthy subjects, 
without modifying cell viability. The results suggest that the percutaneous penetration of small 
amounts of Ni7* can result in damage to keratinocytes and can initiate sensitization. 


Nickel is one of the causes of contact dermatitis, and in recent years there has been an increased 
incidence of patch-test positive patients.'~> The main source of the allergen is jewellery, 
particularly ear-rings.'~* Recent reports have indicated that nickel-containing ear-rings release 
nickel ions with different leaching solvents, although the amounts vary greatly due to their 
different compositions.*“* The minimal concentration of nickel released by ear-rings that can 
produce an allergic reaction in sensitized subjects, has been calculated at about o'I ug/cm? per 
day.’ 

The crucial role of the epidermal antigen-presenting cells in inducing nickel hypersensitivity 
has been shown, and the amount of nickel retained in the tissues is considered fundamental in 
the maintenance of the cutaneous manifestations.°~’ Nickel ions bind with human serum 
albumin and some amino acids, such as histidine, and their uptake by different cells has been 
reported both in vitro and in vivo.*-'! When nickel is applied to the skin some remains in the 
horny layer, but it also penetrates deeper into the sweat ducts.'* The application of 2:5% or 1% 
nickel sulphate by patch tests on normal subjects in whom the uppermost layers of epidermis 
have been damaged results in acute inflammatory reaction. '? 


Correspondence: Dr M.Picardo, Via San Gallicano 25/A, 00153 Rome, Italy. 
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It has been shown previously that the amounts of Ni?” released by nine samples of different 
clips and clasps, maintained in an artifical sweat =t pH 6 5, varied between 49 and ror ugj12 h.’ 
Even if there is less absorption, it is lixely that the continuous wearing of earrings releases a high 
amount of Ni**, which persists for « long time’ and can induce sensitization. 

The aim of the present stud 











y was to evaluate the effect of several Ni?* concentrations on cell 
viability and the production of interleukin 1 ‘IL-4, using human Keratinocytes, as well as their 
activation of lipoxygenase of leucocytes from neema volunteers. 











Cell cultures 

Keratinocyte cultures were derived from necmetal foreskin and plated on feeder layers of 
mitomycin C-treated 3T3 fibroblasts.'* Cells were cultured in 24-well plates (Flow, Irvine, 
Scotland, U.K.) and incubated using Dulbecco’: modified Eagle’s medium (DMEM) (Gibco, 
Paisley, Scotland, U.K.) with 10°, fetal bovine serum (FBS), 0-4 ug/ml hydrocortisone, 1 nM 
cholera toxin, insulin § ug/ml, transferrin $ mgr. triiodothyronine 2 x 10°? M, glutamine and 
antibiotics; the medium contained or mM calcium. Cells growing in such medium do not 
cornify but continue to proliferate.'° The keratinocytes were used at the second or third passage 
which gave more consistency as to the number eë cels in each well (4-5 x 105), In preliminary 
experiments, the human keratinocyte-derived cell line NCTC 2 544 (Flow) and human 
squamous carcinoma-derived cell lire A 431, seeded at 2-3 x 10° cells/well, were also used. 


Experimental conditions 

The concentrations of nickel sulphate (NiSO. «6H,O, Merck AG, Darmstadt, F.R.G.) 
ranging from o'I to 200 ug/ml, corresponding te 0-023~46-6 ug Ni?* /ml were added to the 
cultures. After 1-5 Gays cells were pulsed with os wCi [*H]-thymidine (6-7 mCi mM, Dupont, 
Boston, MA, U.S.A.) for 24 h, precipitated in ro *, trichloroacetic acid, resuspended in NaOH 
IN and the radioactivity evaluated by liquid scint lation counting. All the tests were performed 
in triplicate and the results are reporzed as mean + SD of at least four experiments. The values 
are expressed as Ni? * concentrations. 


IL-1 production 

Human foreskin keratinocytes were cultured in serum-free medium (4~< x 105 cells/well) in the 
y \ 

presence of 0-23~11°5 ug Ni**/ml. After 24 h the supernatants were collected, filtered, dialysed 

and the ability to co-stimulate the mitogenie activity of suboptimal concentrations of 

Concanavalin-A (Con-A, 0-5 uvg/mi (thymocytes co-stimulatory test) on thymocytes from 

C57/b mice, was evaluated.'° 





Lipoxygenase activity 

Human cultured keratinocytes contain a lipoxygenase activity similar to that of leucocytes.!” 
The effect of nickel in stimulating the enzyme was evaluated on the more easily available 
leucocytes. Polymorphonuclear cells (PMN) G » 1@°/ml) were obtained from five normal 
volunteers and pre-incubated with NiSO, (2:3-23-3 Ni- yz/ml) in phosphate buffered-saline 
(PBS, Gibco) at pH 7-4 for 30 min. Arachidonicae: dso ag/ml) (C20: 4) or linolem acid (C18:2) 
in ethanol were then added. The cells were incuzeted at 37°€ for 5-10 min, centrifuged and the 
supernatants extracted three times with chlore¢orm:methanol (2:1), with 50 ug C16:0 as 
internal standard. The solvent was evaporated wider nitrogen and the fatty acids methylated 
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with boron trifluoride (10°, in MeOH) (Merck). Fatty acid methyl esters were quantified by gas 
chromatography on FFA-P capillary column (50 mm x 0°32 mm ID, Hewlett-Packard). The 
results are reported as the percentage decrease of the fatty acids and represent the mean of three 
experiments in triplicate. 


RESULTS 


Viability of keratinocytes 

Nickel ions at concentrations between 0-23 and 46-6 ug/ml showed a cytotoxic effect on human 
foreskin keratinocytes in culture, as well as on the cell lines used. The effect was time- and dose- 
dependent; a progressive reduction in cell growth and viability was observed as the period of 
exposure was increased (Figs 1 and 2) even at the concentrations that had no effect at 24 h. This 
was more evident in cell lines increasingly susceptible to the ions. 


Production of IL-1 

The effect of the keratinocyte supernatants, treated for 24 h with different concentrations of 
Ni?*, on the thymocyte co-stimulatory test is shown in Figure 3. A co-stimulatory effect in the 
presence of suboptimal concentrations of Con-A was found which correlated with the con- 
centration of Ni? *. The dialysis of the supernatants performed before the tests, excluded the 
possibility that the presence of Ni2* induced a stimulation of thymocyte mitosis. Following 24h 
of culture, the viability of human keratinocytes was not significantly affected by doses of nickel 
up to 4:6 ug Ni? * /ml, whereas at the highest concentration employed (11-5 zg Ni** /ml) a slight 
toxicity (20 + 5% mortality) was observed (Fig. 1). These results suggest a direct effect of the 
ions on IL-1 production, rather than a non-specific release due to significant cell damage and 
lysis. 










n 
1 
























. ge n 
A | x ž 
oO A l Wi i 
1 iE 
Z 7 





pvewenrere] 


mna nara 





Fs. T se . 
[Shj thymidine uptake 


ree near rl 


3 


Cy 
x 
RO 
£ 
rN) 
Lal 
err 


= ASS SSS SSS SSS 


BE SSIS SEZ 
2 RSS SSE 


> ASS 


Á. 
rt 
Ww 
f 
F 
Ey 


2 NMS 
, SE * 


a: i tne a feet 
Ai conceniranans (grr: 


FIGURE 1. Dose-dependent effect of different concentrations of nickel ions on viability (at 24 h) of human 
foreskin keratinocytes (HK) (@), NCTC 2544 (@) and A431 cell lines (Q). Each result represents the 
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FIGURE 2. Time-dependent effect of nickel ions or viability of human keratinocytes. Each result 
represents the mean + SD of four «xper-ments in cripBeate. ** P< os; * Poor. Nickel concentrations 
(ug/ml): W, 0-23; E, 2-3; 0, 4-4. 


Activation of lipoxygenase 

Polymorphonuclear cells incuba:ed with Ni?> for 30 min were able to oxidize arachidonic acid 
or linoleic acid, the natural substrates of ipo*ygenase, et a rate significantly higher than 
controls. The rate of decomposit.on was dependent on the concentrations of nickel added. The 
results are shown in Figure 4 as tie percentage decrease of the concentration of fatty acids. The 
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FIGURE 3. Effects of supernatant: of keman keratinecytes cultivated with different concentrations of 
nickel ions for 24 h, in the thymocyte co-stimulatorr vests. Results represent the mean + SD of three 
experiments in triplicate. ** P < pos; *P ceci. 
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FIGURE 4. Rate of decomposition of arachidonic acid (C20:4) ( `y and linoleic acid (C18:2) (~~ -) 
incubated with 10° PMN in the absence or presence of different concentrations of nickel ions. Each result 
represents the mean + SD of three experiments performed in triplicate. 


effect was inhibited by nordehydroguaieretic acid (107 M), a specific inhibitor of lipoxyge- 
nase,'” indicating that lipoxygenase was activated. To exclude the non-specific release of the 
enzyme due to cell death, the cells were washed and cultured for up to 24 h in RPMI 1640 
supplemented with 10°, fetal calf serum and their viability evaluated by the trypan blue 
exclusion test. There was no significant difference from the controls with concentrations up to 
11-5 ug Ni?*/ml. 


DISCUSSION 


Exposure to nickel is considered a health hazard,'° the ions can bind to various cell types and can 
cause cancer.?-!2 The skin manifestations induced by nickel are mainly eczematous reactions 
and the incidence of sensitization is increasing. In 1988 64°, of our subjects who were positive to 
at least one allergen of the ICDRG (International Contact Dermatitis Research Group) 
standard series, were found to have a positive patch-test response to 5% nickel sulphate and 
about 98°, of patients with earlobe dermatitis have the same positivity.” 

The role of a direct effect of the applied hapten on keratinocyte viability and function in 
inducing sensitization has not been completely evaluated. However, the period of exposure and 
the amount of hapten applied, together with the function of the epidermal dendritic cells are 
considered of fundamental importance.” >" Probably both the production of an inflammatory 
reaction and the activation of different epidermal constituents are important steps. 

Our results show that concentration of Ni?* between 0:23 and 46-6 ug, lower than those 
released by samples of metal clips and clasps, can interfere with keratinocyte growth and 
viability in a dose- and time-dependent manner. After 24 h of culture, the lowest concentrations 
used can increase IL-1 production by keratinocytes. IL-1 induces lymphocyte activation and 
the subsequent release of IL-2 and y-interferon, t6 all events which can initiate a cascade 
resulting in an inflammatory process. The ions stimulate the lipoxygenase pathway, with 
generation of hydroperoxides, allowing the chemotaxis of leucocytes, and in turn, an increase of 
inflammatory mediators. 
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amage. or to a direct effect of the ions on the 
enzymes of the cell membrane. An increase in intracellular calcium is a common mechanism of 
cell injury and death, and calcium: can activate phespholipases.!® The stimulation of the release 
of cytokines by epidermal cells has been correlated with the presence of hydroperoxides and 
with cell changes.'® It was suggested thar bacrier damage in the stratum corneum, or 
inflammatory products, can indu i 





ze morpholegica signs of Langerhans cell activation. !? 

In a previous paper? the amounts cf Ni? ~ released by metal clips and clasps were evaluated, 
and the results showed that these were significantly higher than the normal daily dietary 
intake.'° The cutaneous intake frem clips and clasps is not at physiological levels and cutaneous 
adaptivity similar to that described for intestinal absorptien is net likely.?:7° 

Nickel ions can bind to human epidermis and tais layer can act as a local reservoir.?!:22 The 
absorption by the epidermis increases with repeated contact with the metal because of the 
presence of other factors. '~* Fullerton and Hoelgward** found that in the range of 0-5-200 ug/ml 
about 90°, of the available nickel bound to the epidermis, and they suggested that when applied 
to the skin, there is penetration of the icn across the stratum corneum. The concentration of 
nickel i situ gradually increases and a greater preportion of nickel is free to permeate through 
the epidermis. In addition, the mean retention time of nickel in tissues is hundreds of days,'3 so 
that a significant amount of the metal remains on the skin, following the continuous use of ear- 
rings. The concentration of the metal used in ix viro experiments is similar to that found in vivo. 

These results suggest that the direct toxic effect on the epidermis, the generation of 
inflammatory mediators and the stimulation cf IL-1 production could be the primary events in 
causing nickel sensitization. 
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SUMMARY 


Skin mast cells of five patients with mastocytosis/urticaria pigmentosa and from four normal 
controls were immunophenotyped with a panel of 17 monoclonal antibodies; peripheral blood 
mononuclear cells from the patients were similarly labelled and analysed by flow cytometry. 
Cutaneous mast cells expressed leucocyte common antigen and markers of macrophage/ 
monocyte lineage suggesting a common progenitor in the ontogeny of the two cell types. The 
mast cells from the patients differed from the controls, expressing HLA-DR in four cases, and 
this may be a feature of proliferating cells. The patients’ peripheral blood T lymphocytes 
showed a marked increase in the activation markers HLA-DR and CD25 suggesting a 
contributory role, possibly via cytokines, in driving mast-cell proliferation. 


The immunophenotypic expression of markers associated with mast cells have been subject only 
to limited investigation. +? The use of monoclonal antibodies (MAb) to identify the immuno- 
phenotype of proliferating mast cells in urticaria pigmentosa may help to elucidate not only the 
ontogeny and differentiation of cutaneous mast cells, but also the degree of atypia of such 
proliferative disorders. As in vitro studies suggest that mast-cell proliferation is in part 
dependent upon factors derived from inducer T lymphocytes,** aberrant T-cell regulation of 
mast-cell production might play a significant role in the pathogenesis of urticaria pigmentosa. A 
study of five adult patients with extensive urticaria pigmentosa was undertaken to establish the 
immunophenotype of lesional and normal cutaneous mast cells. Immunophenotyping of the 
patient’s peripheral blood cells was also carried out to document the nature of the T cells. 


METHODS 


Patients 

Five patients with extensive and histologically confirmed urticaria pigmentosa of adult onset 
were studied. Their clinical details are summarized in Table 1. All had extensive skin lesions and 
experienced flushing as well as pruritus, with Patients 1 and 2 having evidence of systemic 
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TABLI 1. Clinical feature: ef patients studied 





atte 





Duration 
Patent Age Sex (years) Type ‘other organsanvolved Associations 
sinophils o-22 x 10”. Flushing, pruritus, 
none Marrowand spleen rapid pragression 
2 §0 F 20 TEMP Laker, smal mestine, Eosinophilia 2-5 x 107/1, 
Rone, bone marrow basophilma o-5s5 x 10°/1, 
flushing, pruritus, 
diarrhoea 
3 53 M 5 TEMP > Flushing, pruritus 
4 so F 7 UP - Flushing, pruritus 
5 40 F LI oe — Hymenoptera 
anaphylaxis, 
flushing, pruritus 


1 77 M 2 Nedularpapular Es 











TEMP. telangiectasia srupuva macularis cerstaas. UP urticara pigmentosa. 


involvement. Patient 1 had nodular and papular skzn lesions of rapid onset (at least 1000 lesions 
developing over a 2-year period) with the mast cefs in his bone marrow and skin lesions being 
larger than normal and atypical. He also developed moderate splenomegaly. Patient 2 had 
evidence of mast-cell infiltration of the liver, small bowel, bones and bone marrow. Patient 5 
experienced recurrent anaphylaxis following bee stings as described by Muller.° 

Treatment of the patients depended on symptorss and included H, and H, antagonists, non- 
steroidal anti-inflammatory drugs and sedium cromoglycate. As mast-cell proliferation may 
result from lymphokines, prednisolone was tried in Patient 1 (60 mg reducing to 15 mg daily 
over 6 weeks and stopping after 12 weeks) and in Patient 2 (ac mg fer 2 weeks tailing too over 6 
weeks). Cyclosporin was also tried n Patient 1 ata dose cf § mg/kg for 1 month, achieving trough 
levels of 191 ug/l. Equivalent lesional biopsies were taken before and after each of these 
interventions and numbers of mast cells per high powered field were counted. 


Immunophenotyping of mast cells 

Skin biopsies were taken from jes-ons from all five patients and from the normal skin of four 
healthy subjects. Specimens were placed in OCT medium (Tissue-Tek) and snap frozen in 
liquid nitrogen. Frozen sections were prepared at 5-8 am thickness, air-dried at room 
temperature for 1 h and then fixed in cold acetone for s min after which they were stained 
separately by a standard indirect immunoperox»iase method (IPX) and by an unlabelled 
antibody bridge APAAP immuncalkeline phosphatase techaique as previously described®” 
using the panel of MAb shown in “able 2.: APAAP complexes were obtained from Dakopatts, 
Copenhagen.) The substrates used were respectively 3,2 diaminobenzidine, tetrahydrochloride 
and naphthol AS-MX/fast red TE. 

After processing, all specimens were examined bv ight microscopy and the presence of brown 
(IPX) and fast red APAAP reaction products class#ied en a three-point scale: minus, definitely 
absent; +, doubtful presence; +, definitely present. A classification of + was oniy used if the 
presence of antigen was still doubtful after application ef techniques for enhancement of 
APAAP labelling.® Serial sections trom all specimens were stained with haematoxylin and eosin 
and with toluidine blue to allow the localization o? mast cells. 








Adult mastocytosis 739 


TABLE 2. Monoclonal antibodies used for immunocytochemical staining of skin biopsies 





Antibody Source Clone Specificity 
CDi Dako NA 1/34 Cortical thymocytes, 
Langerhans cells 

CD3 Oxoid UCHT-: T-cells 

CD4 Dako T3-10 Helper/inducer T-cells; 
monocytes and macrophages 

CD7 Dako DK24 T-cells 

CD38 Sapu RFT-8 Cytotoxic/suppressor T-cell 

CDi4 Serotec BRC-M1/MA§ Macrophages/monocytes 

CD15 Dako C3D-1 Neutrophils, myelocytes 

CDig Dako HD37 B-cells 

CD22 Dako 4K B128 B-cells 

CD23 Dako MH M6 Activated B-cells/low 
affinity IgE Fe receptor 

CD25 Dako ACT-1 Activated T and B cells, 
NK cells, macrophages 

CD45 antigen Dako ZBitand PD7;26 Pan leucocyte common 

HLA-DR Dako TAL..1Bs B-cells, activated T-cells 
antigen presenting cells 

Dako-macrophage Dako EBMII Macrophages 

Myeloidshistiocyte Dako MAC387 Macrophages, squarnous 
epithelium, neutrophils 

Mast cell Dr Rimmer? MCG35 Mast cells—-cytoplasmic antigens 

IgE Oxoid LIOQ.I 





Immunophenotyping of blood mononuclear cells 

When the biopsies were obtained (around 09.00) 20 ml of peripheral venous blood were taken 
into 6 ml ACD anticoagulant, and in the two patients with extensive disease (Patients 1 and 2) 
bone marrow samples were also aspirated. 

The immunophenotype of Ficoll-isopaque (S.G. 1.077) separated blood mononuclear cells 
was characterized by an indirect immunofluorescence staining method and the stained cells 
quantified by the EPICS ‘C’ flow microcytofluorograph (Coulter Electronics, Luton U.K). The 
primary layer mouse MAb used were of the following specification: CD1-5, CD8, CD14, 
CDr9, CD23, CD25 (TAC-interleukin-2 receptor), HLA-DR, IgM, x and å light chain. A 
second layer goat anti-mouse immunoglobulin-fluorescein-conjugated antibody (Becton 
Dickinson) was used and the cytometric analysis of lymphocytes was performed as previously 
described,” using the bitmapping facility of the flow cytometer to exclude monocytes and 
granulocytes by the physical parameters of forward and 90° light scatter. 

T- and B-lymphocyte enumeration together with T-cell subsets and activation marker (CD25 
and HLA-DR) analyses were used to derive the percentage and absolute number of cells 
positive for the markers. The results were compared to the normal population of ranges as 
previously described.” 


RESULTS 


In the lesional skin biopsies, localization of antigen in or on mast cells was indicated by a brown 
IPX or vivid red (APAAP) reaction product which contrasted strongly with the haematoxylin 
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FIGURE I. Lesional mast cells with immunoperoxidase surstrate labelling. (a) Mast cell granules (Rimmer 
MCG 35); (b) Dako macrophage monoclenal: (c) HLA-DR ( x 64). 
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TABLE 3. Phenotype of mast cells in lesional (m= 5) and normal 
skin biopsles (n = 4) 





Case 


Myeloid/histiocyte 
Maat cell (MCG345) 
IgE 


i 

d 
Lettie i +i 
1+ l ttt 
ltl tet i Ht 
I+) +++ 1H | 
f+ tl tt+ iH t 
iti titi 


counterstain (Fig. 1). The results of staining with the immunophenotyping panel (Table 2) in 
the five patients and four control subjects are summarized in Table 3. Identical staining patterns 
using this panel were obtained with both immunocytochemical techniques in all nine biopsies. 

Mast cells in the normal skin specimens stained consistently and strongly for leucocyte 
common antigen (CD45) and with a MAb known to bind specifically with granule components 
of human mast cells.* In addition strong positive staining was seen with a MAb directed against 
an unidentified antigen hitherto found only in cells of the monocyte/macrophage series (Dako- 
macrophage). Doubtful positive staining was also seen with an antibody against the CD23 
antigen, a low affinity receptor for the Fc portion of IgE normally found on B cells in follicular 
mantle zones, on a subpopulation of dendritic reticulum cells and on peripheral blood B cells 
when stimulated in vitro. 

In lesional skin from all five patients strong positive staining of mast cells was consistently 
found with antibodies against leucocyte common antigen (CD45), mast cell granules (Fig. ta) 
and the unidentified antigen recognized by the Dako-macrophage MAb (Fig. 1b). The CD4 and 
CD23 antigens were doubtfully expressed by the mast cells of Cases 2-5 even after enhancement 
techniques. These mast cells also strongly expressed HLA-DR (Fig. rc) in contrast to the 
normal cells. Patient 1, with more rapidly progressive disease, expressed an additional 
macrophage marker (the BRC monoclanal) and was positive for CD4 and CD23 but lacked 
HLA-DR expression. 

In the peripheral blood, a consistent finding in all five patients was a relative and absolute 
increase in cells expressing the ‘activation markers’ CD25 and HLA-DR (Table 4). T 
lymphocytes were responsible for the increase in activation markers, as identified by bitmapping 
and the use of lymphocyte-specific antibodies. The percentage of cells positive for both 
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CD25 (n =o-48".) iG EI it 1s 46 
HLA-DR (n= 0") 13 š 29 $ 5 








m normas ange. 


activation markers was well in excess of total B cells (CD19 and/or IgM positive), which are 
known to constitutively express HLA-DR. Imre:nophenorypic findings for total T and B cells 
and subset ratios were within the nermal range except in patient 2, who showed an increased 
CD4:CD8 ratio due to a relative and absolute increase in CD47 cells (67%, CD4, 11°, CD8). 
Mast cells were not identified ir peripheral bloed but if present their granularity causes light 
scatter similar to granulocytes and this would exclude them from the analysed lymphocyte 
bitmap. Immunophenotyping cf the bone-marrow aspirates of Patients 1 and 2 revealed no 
significant abnormality apart frem am increase im mast-cell numbers. 

Immunosuppressive therapy with cyclosporin “Patient 1 yand prednisolone (Patients 1 and 2) 
brought about no clinically detectable improvement except for relief of wealing with doses 
above 30 mg of prednisolone. Patient 1 showec no histometric improvement, but Patient 2 
showed a marked fall (50°,,) in mast-cell numbers after 4 weeks of treatment, anc her peripheral 
eosinophilia also fell from 2-48 x 10° 1 t00-74 = Bost. 


DISC sh¥N 


Although the ontogeny of the mast cell is still us certain, these results favour their origin from 
the pluripotential haematopoietic stem cell. t° This is further supported by our finding of 
expression of leucocyte common antigen (CD 4%... as previously documented by Rimmer and 
Horton,’ and the expression of Dako-macrophage positivity in lesional mast cells and normal 
skin mast cells suggests a common pregenitor fer both mast and macrophage’monocyte cell 
lines. Valent et a/.'' have recently published rewcits of unmunophenotyping of normal human 
mast cells from diverse anatomical sites including skin. Their findings were similar to those in 
our normal controls, and also demonstrated exgression of markers of late stage macrophage/ 
monocyte differentiation using different ant boc: ss MAX 1,3,11 and 24. Identical results were 
found in lung, intestinal and peritoneal mast cells. Additional similarities between mast cells and 
macrophages include their presence predcminam#ly in tissues and production of chymotrypsin 
and trypsin;!? clinically there are also analogies between histiocytosis X and the mastocytoses!* 
and, rarely, mast cells and histiecytes proliferate together in urticating histiocytosis. '* 

Immunophenotypically cells from our patierts did net differ from normal mast cells apart 
from the expression of the HLA-DR in four of the five cases. which may reflect cell activation by 
lymphokines. The ability of mast cels to express HLA-DR has not to our knowledge been 
described and although seen in diverse cell types, is a further similarity with macrophages which 
constitutively express HLA-DR. The lack of 4 
reflection of disease heterogene sty. 













sat 














Adult mastocytosts 743 


The increase in activation markers on T cells may be important in the aetiology of 
mastocytosis by providing an increase in lymphokine drive to mast-cell progenitors; IL-3 (a 
mast-cell growth factor) and possibly other distinct lymphokines are important determinants of 
growth and differentiation of mast cells.'7:!°'':'* Recent research'® has indicated that 
activated mast cells themselves produce IL-3, which induces mast-cell proliferation, and IL-4, 
which stimulates B cells which could then produce cytokines, resulting in an autocrine 
reciprocal drive of lymphocyte and mast-cell activation and proliferation. If this were the case 
then immunosuppression, particularly by cyclosporin A, a specific inhibitor of T-cell 
lymphokine production, may provide beneficial effects in mastocytosis by removing this drive. 
In the past, systemic steroids have produced variable results!’ but more recently potent topical 
steroids with occlusion have proved effective in reducing mast-cell numbers in the skin.!® 
Although there was apparent diminution in lesional mast cells in Patient 2 following therapy 
with prednisolone, clinical improvement was unimpressive and sampling of different lesions 
could account for the reduction. Cyclosporin in high doses produced depletion of mucosal mast 
cells in a rat model,’ but failed to influence lesions in Patient 1 after 4 months of treatment. 
These disappointing results may arise from too short a course given too late in the evolution of 
the disease. Alternatively the activated state of lymphocytes in our patients might be a secondary 
event with the contribution of cytokines from the large pool of mast cells in mastocytosis 
including IL-3 and IL-4.'° 

Mast-cell leukaemia and reticuloendothelial neoplasms, particularly leukaemia, occur more 
frequently in mastocytosis.!’:?° Proliferation of mastocytosis cells may be partly cytokine 
driven, but over time proliferating mast cells may become autonomous in a manner analogous to 
HTLVt1-induced T-cell lymphoma, where IL-2 driven proliferation occurs for months or years 
prior to a clonal autonomous neoplasm.?! It would be of interest to compare our results with the 
same markers in patients with malignant mastocytosis to assess whether markers will help to 
distinguish benign from malignant disease, although genotypic analysis for clonality should 
prove more useful. 

The presence of a marked eosinophilia in Patient 2 is of interest and is a recognized feature in 
12%, of patients.'® This could arise from an increase in T-cell IL-3 or IL-5 production?’ and 
respond to prednisolone. In chronic myeloid leukaemia, eosinophilia and basophilia are 
associated with a poor prognosis, and in systemic mastocytosis one-third of those with 
eosinophilia have, in one series, had a fatal outcome. 7 Perhaps such patients identified as being 
more at risk of neoplasia would benefit from long-term suppression of cytokine production by 
immunosuppressants. 
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SUMMARY 


The distribution and localization of several neuropeptides were investigated in the lichenified 
lesions of 11 patients with atopic dermatitis using indirect immunofluorescence. Substance 
P-positive nerve fibres were observed in most of the cases of atopic dermatitis, but not in normal 
controls. Somatostatin immunoreactive nerves were not found in the skin of atopic dermatitis, 
whereas a normal pattern of immunoreactivity could be detected in most of the healthy subjects. 
Neuropeptide Y-positive dendritic epidermal cells were observed in lesional skin from patients 
with atopic dermatitis, but not in controls. Calcitonin gene-related peptide and vasoactive 
intestinal polypeptide immunoreactivity in patients with atopic dermatitis did not differ from 
that in healthy subjects. With galanin antiserum a diffuse intracellular staining was observed in 
the epidermis of both atopic patients and controls, while no positive staining was found with 
either neurotensin or neurokinin A antibodies in either group. These findings suggest a possible 
involvement of some neuropeptides in the pathomechanisms of atopic dermatitis. 


Atopic eczema is an inflammatory skin disease and exacerbations of the disease can be provoked 
by either immunological or non-immunological factors. The latter includes emotional stress, 
scratching and sweating, which tend to induce chronic inflammation. Neuropeptides (NP) 
which are known to play a crucial role in neurogenic inflammation, could be involved in these 
mechanisms. In particular, substance P (SP), neurokinin A (NKA) and calcitonin gene-related 
peptide (CGRP) have been shown to be the main mediators of flare and weal reactions induced 
through axon reflexes.'~* In addition, vasoactive intestinal polypeptide (VIP) regulates sweat 
secretion,” while SP, NKA, CGRP, VIP and Neuropeptide Y (NPY) are implicated in the 
regulation of skin blood flow.*:*7 

Recent studies have indicated an important role of NP in the pathogenesis of asthma.*-!° A 
reduction in both flare and weal responses to intradermal injections of SP, NKA, NT and a 
reduced flare to CGRP injection have recently been observed in atopic dermatitis (AD).!! 
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Several NP have been demonstrated in nervous scructures as well as cellular elements of human 
skin by immunohistochemistry and radioimmunoassay.*'*-'4 In the present study we 


investigated the distribution anc localization ofa number of NP in the skin of patients with AD. 


METHODS 


Patients 

Eleven patients with AD, seven male and four female, age range 1c—65 years, were studied. Skin 
biopsies were taken from lichensfied areas on the flexures ef the elbows. Control biopsies were 
taken from the flexures of the elbows from six healthy adult volunteers and from lesions of two 
patients with inflammatory dermatoses ‘generalized contact dermatitis and prurigo), neither of 
whom had any personal or fami v history of atopy. 


Antisera 

Polyclonal rabbit antisera directed against NF Y, CGRP, VIP, NKA, neurotensin (NT), 
somatostatin (SOM) and galanin (GAL.) and 2 rat monoclonal anti-SP antibody were used. 
Details of the antibodies are given in Table 1. As cross-reactivity with unknown peptides or 
other proteins present in tissue section cannot be excluded, the term ‘NP-like mmmunoreacti- 
vity’ will be used. 


Immunohistochemistry 

Punch biopsies (4 mm) were obtained under loce] anaesthesia. Tissue samples were immersed 
for 2 hin an ice-cold paraformalcehyde/ icric acid solution and then rinsed for 24 hat 4°Cino-1 
M Sorensen’s buffer containing £% sucrose. Frozen sections (14 am) were incubated overnight 
at 4°C in a humid atmosphere with the amtisera (Table 1), and rinsed three times with phosphate 
buffered saline (PBS) for to mia. They were then incubated for 30 min at 37°C with biotin- 


TABLE 1. Details of pecride antibodies used 

















Working 
Peptide Code dilution Seurce 
Calcitonin gene-related peptide 2 OS- 17640 Byk-Gulden, MILAR, 
Malmö, Sweden 
Neuropeptide Y 2: 17-030 1:1090 Byk-Gulden, MILAB, 
Malmö, Sweden 
Vasoactive intestinal peptide KAS 7r$1-N 1:100 Peninsula Laboratories 
Europe Ltd, England 
Substance P MAS 035 Emoaoclona: ) t1100 SERALAB Lid, Crawley Down, 
England 
Somatostatin 019 t80 Peninsula Laboratories 
Europe Ltd, England 
Neurotensin 6 3604 17200 Peninsula Laboratories 
Europe Ltd, England 
Neurokinin A RAS 73<9-N 1:100 Peninsula Laboratories 
Europe Ltd, England 
Galanin 2 209-010 1:350 Byk-Gulden, MILAB, 


Malmö, Sweden 
NNN ENEE SA A A AAAATAR RAA AAAAIAA ANAAAA AED RTT AR NElREGAANP mfeA A A NAAA A i MAAC AAR rR rd TRF AA r NA AAi 
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labelled anti-rabbit serum (Vector Laboratories Inc., Burlingame, CA, U.S.A.) diluted 1:30, 
rinsed as before and finally incubated for 30 min at room temperature with fluorescein- 
isothiocyanate (FITC)-labelled streptavidin (Amersham International, England) diluted 1: 50. 
A FITC-labelled anti-rat serum (Sera-Lab Ltd, England) diluted 1:5, was used for 30 min at 
37°C as a secondary antibody for SP. After a further w ashing in PBS, slides were mounted in 
buffered glycerol. Controls were performed by incubating the sections with only the secondary 
antiserum, or by replacing the primary antiserum with a non- -immunized rabbit or rat serum. 
No specific staining was observed in the controls. All solutions contained 0:3°,, Triton X-100 
and 3°, goat serum. The sections were studied and photographed under a Leitz fluorescence 
microscope. 


RESULTS 


SP-like immunoreactivity was strongly expressed in the skin of nine out of 11 AD patients and in 
the case of prurigo. Immunoreactivity was observed in a perivascular location in the papillary 
dermis in seven of the AD cases (Fig. 1), and in two patients free nerve-fibre endings separated 
from blood vessels were seen. In skin from control subjects no SP-like immunoreactivity was 
found, except for one case where weakly stained single nerve fibres were observed in the 
superficial dermis. 

Immunoreactivity to SOM was expressed around blood vessels in the superficial dermis of 
three control subjects, whereas no immunoreactivity was seen in AD patients. In six patients 
with AD and in one patient with prurigo, NPY-like immunoreactivity was observed within 
dendritic epidermal cells (Fig. 2). Such immunoreactivity was not detected in skin from normal 
control subjects, nor from the patient with generalized contact dermatitis. NPY-like immuno- 





FIGURE I. Immunofiuorescent staining of lesional skin from an AD patient. SP-like immunoreactivity 1s 
expressed in a perivascular location in the papillary dermis (arrow) ( * 250). 


748 © .Piacell: et al. 





FIGURE 2. Immunofluorescent staining o: lesienal sin from an AD patient. NPY-immunoreactive 


= 


dendritic cells are seen in the epidermis (arrow) x 4c 


reactivity was only occasionally found around ¢ ands and blood vessels with no differences 
between AD patients and controls, 

CGRP-like immunoreactivity was consistent Y observed as free endings im the papillary 
dermis close to the dermal—epidermal junction, with the same pattern and staining intensity in 
both AD patients and controls (Fig. 2). Similerly, ViP-positive nerve fibres were present 





FIGURE 3. Immunofluorescent staining af skim from an AD patient showing a varicose CGRP- 
immunoreactive fibre in the papiLary dermis (arrow 250 
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around glands in both groups of patients. GAL-like immunoreactivity was not detected on 
nerve fibres, while in all sections a diffuse intracellular staining in the epidermis was observed. 
No clearly positive staining was found with NT or NKA antibodies in either group. 


DISCUSSION 


Substance P-positive nerves in lichenified patches of AD were markedly increased when 
compared with those in the normal controls. SP can act either directly on postcapillary venules 
to induce vasodilation and vascular permeability or indirectly by releasing vasoactive factors 
from mast cells.! Both these actions cause erythema and itching which are constant features of 
AD. Mast cells are predominantly located around the dermal blood vessels in human skin, and 
are frequently found to accumulate in AD.'* SP-immunoreactive fibres are mostly found 
around the blood vessels in the papillary dermis, and several studies have now revealed that 
neuroeffector junctions exist between these mast cells and nerves in the skin. 1°15 

A slight increase of SP-immunoreactive nerves was observed in prurigo nodularis when 
compared with normal controls, while in neurodermatitis circumscripta there was no difference 
from healthy subjects.'? In the same study CGRP-positive fibres were markedly increased in 
prurigo and unchanged in neurodermatitis circumscripta compared to controls. Although there 
are probably similarities in the pathogenetic mechanisms between these conditions and AD it is 
difficult to make any useful comparison. However, the unchanged expression of CGRP which 
we have found can be explained by the fact that its activity is regulated by SP,*°:?! which was 
more intensely expressed in the AD patients. The occurrence of SOM-immunoreactive fibres 
only in control subjects could be consistent with the concept that SOM inhibits the release of SP 
and therefore acts as a modulator of neurogenic inflammation.?*:** Thus, in AD patients the 
absence of SOM-immunoreactive nerves may result in a lack of regulation of the mechanisms 
underlying neurogenic inflammation. SOM is also thought to be a physiological antagonist of 
SP in the immune system.** Since a ‘disregulation’ of immune functions is present in AD,”° one 
could hypothesize a neuroimmunomodulatory role for SP and SOM in this disease. 

Further evidence of possible interactions between some NP and the immune system is the 
observation that there is NP Y-immunoreactivity on epidermal dendritic cells in AD patients. 
NP immunoreactivity has been observed by other authors on dendritic cells, e.g. SOM-like 
immunoreactivity has been shown on dendritic cells of both normal human skin and skin from 
patients with urticaria pigmentosa.'*:*° However, the significance of these findings is at present 
unknown. 

While the intracellular staining pattern or GAL is probably due to a cross-reactivity, the 
absence of this NP in nervous structures could be related to the site of biopsy in the present 
study. So far, GAL-immunoreactive nerves have been reported only in fingertips and 
axillae.?7:28 

Our findings suggest a possible role of some NP in AD, although the results need to be verified 
in a larger group of patients. Further studies are in progress to investigate the relationships 
between NP and AD as well as other dermatoses where itching and erythema are characteristic 
features. 


REFERENCES 


1 Foreman JC. Neuropeptides and the pathogenesis of allergy. Allergy 1987; 42: I-11. 
2 Gamse R, Posch M, Saria A et al. Several mediators appear to interact in neurogenic inflammation. Acta Physiol 
Hung 1987; 69: 343-5. 


750 C.Pincela et al. 


3 


4 


6 


es 


13 


14 


I5 
16 


17 


I8 


19 


20 


ai 


22 


23 


24 


25 
26 


27 


28 


Wallengren J, Hakanson R. Effects of substance P, neurok:nin A and calcitonimgene-related peptide in human skin 
and their involvement in sensory neryve-mediated responses. Her Y Pharmaco? 1887; 143: 267. 

Holzer P. Local effector functions of capsaicim-sensitive sensory nerve endimgs: involvement of tachykinins, 
calcitonin gene-related peptide and other seuropeptides. Neurescience 1988; 24: 739-68. 

Hartschuh W, Reinecke E, Weihe E, Yaraihara N. V0?-immuncreactivity ia the skin of various mammals: 


immunohistochemical, radiounmuneogica! and experimental evidence for a dual localization in cutaneous nerves 
and Merkel cells. Pepitdes 1984; §: 230-45. 

Brain SD, Tippins JR, Morris HR g? «/. Poveat vasodilator activity of calcitonin gene-related peptide in human skin. 
J Invest Dermatol 1985; 87: 533-6. 

Hokfelt T, Milhorn D, Seroogy K et «l. Coexistence of peprides with classical meerotransmitters. Experientia 1987; 
43: 768-84. 

Barnes PJ. Asthma as an axon reflex. Lance: 19865 E 2424. 

Barnes PJ. Neuropeptides in the lusg: localization, function and parhophysiological implicatioas. J Allergy Clin 
Immunol 1987; 79: 284-94. 

Crim: N, Palermo F, Oliveri R et al. Effect of vaseactive intestinal peptide (VIP) on propanolol-induced 
bronchoconstriction. 7 Allegy Clim fearmunal 1988; 823 617-21. 

Giannetti A, Girolomeni G. Skin reactivity to neuropeptices.in atopic<dermatitis. Br J Dermatol 1989; 121: 681-8. 
Hartschuh W, Weihe E, Reinecke M. Peptidergic (newrctensin, VIP, substance P) nerve fibres in the skin. 
Immunohistochemical evidence of an arvolvement of neuropeptides in nociception, pruritus and inflammation. Br J 
Dermatol 1983; 109 (Suppl 25): tẹ- r”. 

Wallengren J, Ekman R, Sundler F. Occurrence and distrisutien of neuropeptides in the human skin. Acta Derm 
Venereol ( Stockh) 1987; 67: 185-¢2. 

Johansson O, Vaalasti A, Hilliges M ez al., Sematostatin-ieke immunoreactivity in auman dendritic cells with special 
reference to Langerhans cells.of the skin. In: The Langerheors Celi (Thrveiet J, Schmitt D eds.), Colloque INSERM/ 
John Libbey Eurotext Ltd. 1988, 19m: 261-71 

Sagher F, Even-Paz Z. Mastocytasts and the Mast Cell. Uracage: Yearbook Medical Publisher, 1967; 10-324. 
Newson B, Dahistrom A, Enerback ©. er ai. Suggestive ev:dence for direct immervation of mucosal mast cells. An 
electronmicroscopic study. Neuresciesce 1933; 161 §65-70. 

Skofitsch G, Savitt JM, Jacobowitz OM. Suggestive evidence for a functional unittbetween mast cells and substance 
P fibres in the rat diaphragm and mesentery. Histochenistey 1985; Ba: 5-8. 

Wiesner-Menzel L, Schulz B, Vekiizadeh F. Czarnetzki 3.44. Electron microscopical evidence fer a direct contact 
between nerve fibres and mast cells. Acra Derm Veneren! : Stockh; 1981; 61: 4659. 

Vaalasti A, Suomalainen H, Rechard: L. Calcitonin gene-related peptide immunereactivity in prurigo nodularis: a 
comparative study with neurodermactis circumscripta. Sr y Dermatol 1989; 220: 619-23. 

Brain SD, Williams TJ. Substance P regulates the vasecilator activiey of calcitonin gene-related peptide. Nature 
1988; 335: 73-5. 

Weihe E, Hartschuh W. Multiple peptides in cutanecous-merves: regulators under physiological conditions and a 
pathogenetic role in skin disease? Seremars m Dermatology by Grune & Strattern Inc. 1988; 7: 284-300. 

Gibbins IL, Wattchew D, Coventre B. Two immunohiseochemicaily identified populations of calcitonin gene- 
related peptide (CGRP)-imrauncreactwe axons w human skin. Brain Res 1987; g14g: 143-8. 

Gazelius B, Brodin E, Olgart L, Pancpeulus P. Evidence that substance P is a mediator of antidromic vasodilatation 
using somatostatin as a release intubuor. Acta Pavsiod Scand. 1481; £43: 155-9. 

O’Dorisio MS. Neuropeptide modulation of the immune response m gut associated lymphoid tissue. Intern F 
Neuroscience 1988; 38: 189-98. 

Hanifin JM. Atopic dermatitis. 7 4lergy Clin Immunol. 684; TH: 201-22. 

Johansson O, Nordlind K. Immunobsstochemical localization of someatostatin- ike immunoreactivity in skin lesions 
from patients with urticaria pigmentosa. Varchews Arch 0984, $6: 155-54. 
Tainio H, Vaalasti A, Rechardt L. Te diseribution of subscance P, CGRP, gal 
nerves in human sweat glands. Hustoehem F 1987; 19: 372-80. 

Johansson O, Vaalasti A, Tainio H « al lmmunohistecsemical evidence of galanin in sensory nerves of human 
digital skin. Acta Physiol Scand 198%. 132: 261-3. 





m and ANP-lke immunoreactive 








British Journal of Dermatology (1990) 122, 751-755. 


A study of etretinate alopecia 


J.BERTH-JONES, D.SHUTTLEWORTH AND P.E.HUTCHINSON 


Department of Dermatology, Leicester Royal Infirmary, Leicester LEr 5WW 


Accepted for publication 28 December 1989 


SUMMARY 


Twenty-two patients receiving etretinate were studied in an attempt to clarify the changes in 
hair cycle dynamics responsible for etretinate alopecia. Shed hair counts and telogen counts on 
samples of plucked hair were performed prior to therapy and after 6 and 12 weeks’ treatment 
with etretinate. No evidence of anagen effluvium was found. In two individuals there were 
findings compatible with a classical telogen effluvium, but these had atypical features. ‘The main 
finding in the study was an increase in the plucked telogen count, maximal at 12 weeks. As an 
arrest in the onset of anagen could produce only a comparatively small telogen increase, the 
predominant cause of this increase was a decrease in the duration of anagen. In two subjects 
there was also evidence of a telogen anchorage defect. 


Alopecia is a distressing side-effect of treatment with etretinate and may necessitate its 
withdrawal. Estimates of the incidence of this hair loss have varied widely from as low as zero’ to 
as high as 76°.” It has been described as ‘telogenic’ in 70% and ‘telogen dystrophic’ in 22%.° 
The aim of this study was to investigate the hair cycle dynamics over the first 3 months of 
treatment with etretinate and to test the hypothesis that the hair loss is due to a telogen or anagen 
effuvium. 


METHOD 


Subjects 

Twenty-two patients (20 female and two male), aged 21-76 years (mean 47 years) were 
investigated during treatment with etretinate. Eighteen were suffering from psoriasis, two from 
Darier’s disease and two had discoid lupus erythematosus. The scalp investigation sites were not 
involved by any of these diseases. The patients were recruited over a 4-year period. 


Treatment 
The starting dose of etretinate was 25-75 mg daily, and in some this was adjusted during the 
study in accordance with the clinical response and side-effects, but not those that were related to 
the hair. 

Correspondence: Dr Berth-Jones. 
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Hair sampling 
Investigations were performed immediately prier to starting etretinate and after 6 and 12 weeks 
of treatment. Five-day collections of shed hair were performed by the subjects, who were asked 
to wash their hair and then collect the shed hairs tor the subsequent 5 days, without rewashing 
the hair. They were asked to groam the hair in axconsistent manner and collect all the shed hairs 
found on the brush, comb, pillow and clothing. Mlucked samples of an average of 50 hairs were 
taken using needle-holding forceps with the jaws wrapped with elastoplast to increase the grip. 
The sampling site was the vertex of the scalp. 

Hair samples were coded and examined in a t inded manner. The shed hairs were counted 
and approximately 30 from each sample were arranged on a microscope slide and held in place 
with transparent adhesive tape over the shafts of the hairs. The preximal ends were examined 
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microscopically and the proportions of telogen and anagen hairs determined. Fractured hairs 
were regarded as anagen hairs. The entire samples of plucked hairs were similarly examined. 

Changes in shed hair counts were analysed using the Wilcoxon signed ranks matched pairs 
test. The changes in the proportions of telogen hairs were analysed by the Mantel-Haenszel test 
for a series of 2 x 2 contingency tables. To allow for possible heterogeneity of response, the 
variance of the test statistic was calculated using a permutation argument.* 


RESULTS 


The mean initial dose of etretinate was 52 mg (range 25-70 mg), the mean 6-week cumulative 
dose was 2,009 mg (range 1,050-3,150 mg) and the mean 3-month cumulative dose was 3,830 
mg (range 2,520-6,300 mg). 

Figure 1a illustrates the shedding rate throughout the study. The pretreatment mean was 57°5 
hairs/day and in two individuals the rate was greater than 150 hairs/day. At 6 weeks following 
the onset of treatment the mean was $7 hairs/day and in one individual the rate was greater than 
150 hairs/day. At 12 weeks of treatment the mean shedding rate was 72 hairs/day, which was not 
significantly different from the basal level (P > 0-05). In four individuals the shedding rate was 
greater than 150 hairs/day and in two individuals greater than 200 hairs/day. 

The proportion of shed hairs in telogen is displayed in Figure 1b. The mean percentage of 
hairs in telogen was 87° prior to treatment, 87°% at 6 weeks of treatment and 91° at 3 months 
of treatment. 


TABLE 1. The effect of a complete arrest of the onset of anagen on the 
plucked telogen count 
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At onset of At 3 months of 








study treatment 
No. of hairs in telogen Te Te 
No. of hairs leaving 3 Ac 
anagen — telogen in 3 months A 
No. of hairs in anagen Ac Ac 34 
Te Tc 
A 
Plucked telogen count pres Ac— ie + Te 
EO S E T 
A+T a ees T 
(If A = 30 months, T = 3 months) 
Plucked telogen count 9% 10°” 


vv AAEE a anaana 


Assuming: (i) a normal continuing rate of shedding (as found in 
study); (ii) The number of hairs in anagen and telogen is proportional 
to the duration of anagen and telogen. 

A = duration of anagen (months). 

T = duration of telogen (months) 

c= constant. 
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The results of plucked telogen counts are shown ia Figure 1c. The mean telogen count prior 
to treatment was 9-5”. This rose to 141°, after 6 weeks of treatment (P > o-osjand 1§-9°,, at 12 


weeks (P < 0-025). The count exceeded 30°, in po dividuals prior to treatment, in one at 6 
weeks, and in two at 12 weeks. 





DISCUSSION 


In no individual was there evidence of an anager efflavium. In only two individuals were there 
findings compatible with a classical telogen efftuv:urn, wath a notable increase in hair shedding 
rate at 3 months and a significant increase in the plucked telogen count at 6 weeks. However, 
even in these two there were unusual features. Imboth, the telogen count remained elevated at 3 
months despite the shedding, and in ane the shedding rate was stiil elevated 6 weeks later, i.e. at 
18 weeks following onset of treatment. The abnormalities in these patients therefore appear to 
have been progressive rather then abrupt and shert-lved as ina classical telogen effluvium. 

The hair cycle investigations in the present study have shown little or no change in shedding 
rate or shed hair type throughout the 3-month perioc. These results would appear to conflict 
with those of Mahrle er al? whe reported hair loss occurring at §~8 weeks of treatment which 
was ‘telogenic’ in 70°, and ‘telagen dystrophic in 22". This difference is not a drug dosage 
effect as the mean cumulative dose at s-8 weeks in Mahrie’s study was 1-9 g and the mean 
cumulative dose at 6 weeks was 2g in this study. 

The principal finding in this study was an increase in olucked telogen count at 3 months of 
6-4", (P< 0-02§°,), and this was probably underway ar 6 weeks. These levels are modest 
compared to those expected in the telogen effluvium induced by cther drugs, such as heparin.” 

The cause of this increase in plucked telogen cunt could be either a large change in a small 
number of individuals or a smal! change in a large proportion. Only two individuals developed a 
plucked telogen count of more than 10°., at 3 months. If these individuals are discounted then 
the increase in telogen count at 3 months was still gp z'a abeve the basal level. Furthermore, the 
frequency distribution of plucked telegen counts at 3 months showed a shift of the mode to the 
right, with no obvious secondary peak to the right of the distribution. These results suggest that 
the plucked telogen count was affected in a saostantie! proportion, or possibly the whole 
population, of individuals. 

There are two possible mechanisms for the raised telogem<counts observed in this study: either 
a decrease in the duration of anagen or a delay in the easet of anagen. A decrease in the duration 
of anagen is the mechanism for the development ct telogen effluvium, when approximately 30- 
4o°,, of anagen hairs virtually simultaneously encer rclogen. In only two patients were there 
results compatible with a classical telagen efuviwr. In other individuals the lack of shedding at 
3 months and the lateness of the maxi 
this mechanism. In a classical te ogen effluvium. 
duration of anagen and therefore there is inevital. 
the duration of anagen. An alternative mechanism, compatible with the present findings, is an 
ongoing decrease in the duration of anagen of a lesser degree than that found in a classical 
telogen effluvium and of a more similar degree between Bair follicles. Thus, the telogen count 
would steadily increase over a number of months, as was found in this study, and the shedding 
rate would increase later. Prolonged observation of shedding rate and plucked telogen counts 
after 3 months would provide further evidence sf such a mechanism. 

Another possible mechanism for the increase m plucked telogen level at 3 months is a delay in 
the onset of anagen where the replacement of hairs lost as part of normal telogen shedding would 
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be defective. Hence, there would be a relative increase in plucked telogen count. An observable 
hair effect as early as 5-8 weeks on treatment would be noted,? as would a persisting decrease in 
hair density throughout the treatment period which is commonly observed. Conversely, an 
exclusive decrease in the duration of anagen could explain neither of these clinical observations. 
However, even a complete anagen onset arrest could only produce a 1% increase in plucked 
telogen count over a 3-month period, so this mechanism alone cannot account for the observed 
increase in plucked telogen count (Table 1). Whilst a contribution from this mechanism is not 
precluded, shortening of the duration of the anagen must be the principal mechanism. 

There was a further interesting finding in two patients in the study. These were the only two 
to show a shedding rate of greater than 200 hairs at 3 months. In one, significant shedding 
started before 6 weeks of treatment and in the other there was no associated increase in plucked 
telogen count. This suggests that there is a decreased hair-holding capacity of the telogen 
follicle. 
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SUMMARY 


A case is described of aman with multiple papillomas on the nipple that resembled clinically and 
histologically condylomata acuminata. Human papillomavirus (HPV) type 41 DNA sequences 
were detected in the biopsy material. There was no evidence of any immunodeficiency. 


Fifty-seven distinct types of human papillomaviruses (HPV) have been identified and some 
cause benign epithelial or epidermal tumours such as common warts! and condylomata 
acuminata.?:> Other HPV types 16, 18, 31, 33 and 35% have been closely linked to genital 
cancers. Patients with epidermodysplasia verruciformis (EV) HPV types 5, 8, 14 and 17 have 
been related both to benign lesions and to squamous cell carcinomas. ”™™** Recently a new type, 
HPV 41, was identified in a patient with multiple lesions that resembled common warts. In 
screening 100 benign and malignant skin lesions, HPV 41-related DNA sequences were found 
in two of ro squamous cell carcinomas and in one of three keratoses due to arsenic.’° 

We report the identification of DNA sequences of HPV 41 in recurrent benign papillomas of 
the nipple, and the detection of viral core antigens in these lesions. 


PATIENT AND METHODS 


Patient 

A 44-year-old Caucasian male developed multiple papillomas of the right nipple. These 
resembled condylomata acuminata and were up to 2 mm in diameter (Fig. 1). Despite surgery 
and cryotherapy the lesions recurred over a period of 5 years. There was no evidence of any other 
past or present HPV infections. To exclude an immunodeficiency the patient was challenged 
with a number of recall antigens (Multitest Meriux®) and had a normal score. The lymphocyte 
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tomas with slight hypergeratos:s at the right nipple (arrow). 






subsets were within the normal range, CD 4° r a/a CD83* o-g/nl, B cells oz/nl and NK cells 
o-8/nl. 

HPV typing 

After excision the papilloma was divided into three parts. One part was snap-frezen in liquid 
nitrogen and kept for the extraction of high mciecular weight DNA. The method of reverse 


blot'® was used to identify the HPV present in the lesion. The clones of HPV types 1—38 and 41 








FIGURE 2. Histology of papilloma saowing orthok2ra‘os:s amd acanthosis with koilocytes in focal 


distribution (haematoxylin and casin). 
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were each digested with its respective restriction enzyme used for cloning. The viral DNA was 
then separated from the vector DNA by gel electrophoresis, after which the DNA was 
transferred to a nitrocellulose filter. This blot was hybridized to radioactively labelled total 
cellular DNA using conditions of high stringency (Tm — 20°C). Subsequently, unlabelled 
cellular DNA was digested with the restriction enzyme Eco Rt and, after gel electrophoresis, 
transferred to a nitrocellulose filter. This Southern blot was hybridized (Tm — 20 C) with 3P- 
labelled HPV 41 DNA. 

The second portion of the biopsy was fixed in formaldehyde saline, embedded in paraffin, and 
sections cut and stained with haematoxylin and eosin. Sections were also cut and investigated for 
group-specific papillomavirus antigens using a peroxidase-antiperoxidase (PAP) technique. An 
antiserum to bovine papillomavirus type 1 (BPV 1) (Dako, Santa Barbara, CA, U.S.A.) was used 
and the procedure was the same as previously described,'’ other than the antiserum was diluted 
1: 500 with Tris-buffer. 

The third part of the biopsy was fixed in glutaraldehyde and osmium-tetroxide and later 
embedded in Epon® for electron microscopy. Paraffin-embedded material was also used and, 
after being deparaffinized, was re-embedded in Epon” for electron microscopy. 


RESULTS 


The histology showed orthokeratosis with marked acanthosis and papillomatosis of the 
epidermis. There were large keratinocytes with perinuclear vacuolization and small hyperchro- 
matic nuclei in a focal distribution throughout the epidermis (Fig. 2) and the histology 
resembled that of genital condylomata acuminata. 

On electron microscopy, there was perinuclear cytoplasmic oedema but no papilloma virions 
were found (Fig. 3). Immunohistological examination with antibodies raised against BPV 1 
disclosed a few cells with nuclei staining strongly for papillomavirus common antigens (Fig. 4). 





FIGURE 3. Electron micrograph showing perinuclear cytoplasmic oedema of a stratum spinosum cell. No 
virions are visible in the nucleus ( x 10,300). 
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FIGURE 4. Immunohistochemica! peroxidase-antiperoxciase staining of papillomavirus commen antigens 
in a keratinocyte nucleus. 
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FIGURE §. Southern blot autoradiograph of cellular DNA (after Eco Ri digestion) froma papilloma of the 
nipple hybridized under stringent concitions to *P-labelled HPV 41 DNA. 
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Under conditions of high stringency, DNA isolated from the biopsy cross-hybridized with 
HPV 41 DNA only. To confirm these results, a Southern blot of the cellular DNA was 
hybridized with *?P-labelled HPV 41 DNA. The autoradiograph (Fig. 5) showed positive 
bands of varying intensity. The expected fragment sizes of HPV 41 obtained after digestion with 
Eco Rr would be §-07 kb, 2:2 kb, 0-37 kb and 0-06 kb. As the cross-hybridizing fragment sizes 
obtained differed, either HPV 41 DNA was integrated into the cellular DNA or a virus closely 
related, but not identical, to HPV 41 was identified. As no more DNA was available, no further 
classification was possible. 


DISCUSSION 


Human papillomaviruses associated with extra-genital squamous cell carcinomas have been 
found in patients suffering from EV, a rare chronic disease characterized by disseminated 
warts’? in which a depressed cell-mediated immunity is often found. These carcinomas have 
been shown to contain HPV 5 or 8 DNA and, in single cases, HPV 14 or HPV 17 DNA.?"!4 
These types of HPV are also to be found in patients on immunosuppressive therapy such as renal 
allograft recipients.'°-*? However, these HPV types have not yet been reported in immunocom- 
petent patients. 

HPV 41 was isolated from the benign common wart-like lesions of a 15-year-old girl without 
clinical signs of EV.'° She suffered from chronic atopic dermatitis, a disease known to be 
associated with decreased cellular immunity.** Subsequently, HPV 41 DNA has been detected 
in some cases of squamous cell carcinoma and in a patient with arsenical keratoses,'> a well- 
recognized precursor of squamous cell carcinoma.** These may indicate an oncogenic potential 
for HPV 41. 

In the present case, HPV 41 DNA was identified in benign papillomatous lesions of the nipple 
that resembled clinically and histologically condylomata acuminata. Viral replication could be 
demonstrated within these lesions. The patient had no history of immunosuppression nor any 
evidence of immunodeficiency. 

It is of importance that the type of HPV, the DNA of which was identified in cases of 
squamous cell carcinomas, was also demonstrated in benign lesions of an immunocompetent 
patient. Further screening of unusual warts and squamous cell carcinomas and their precursor 
lesions are required to determine the role of HPV 41 in the pathogenesis of skin cancer. 
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SUMMARY 


A retrospective study was made of the histopathology of axillary skin excised fom 12 patients 
with hidradenitis suppurativa. In the majority of cases (10 out of 12), squamous epithelium- 
lined structures, in the form of cysts or sinuses were identified in the dermis. Laminated keratin 
was present in all these structures and half of the cysts also contained hair shafts, suggesting that 
they are derived from hair follicles. Only a small proportion of cases (4 out of 12) displayed 
inflammation in apocrine glands, and in these the inflammation was also seen around eccrine 
glands, hair follicles and the epithelium-lined structures. However, in cases where the 
epithelium of the ‘cysts’ was disrupted, the inflammatory infiltrate appeared to be centred 
around these areas. These observations suggest that the squamous epithelium-lined structures, 
which probably represent abnormal dilated hair follicles, are a more constant diagnostic feature 
in hidradenitis suppurativa than inflammation of apocrine glands which appears to be a 
secondary phenomenon. 


Hidradenitis suppurativa was first described as a distinct entity by Velpeau! in 1839. He 
reported a patient with an inflammatory process involving the skin of the axillary, mammary and 
perianal areas. Verneuil,” in 1854, described a series of patients with similar lesions and was the 
first to suggest that they were abscesses of the sweat glands. However, it was not until 1922 that 
hidradenitis became associated with the apocrine glands.’ A detailed description of the 
histology in hidradenitis suppurativa was made by Brunsting.* He observed that the earliest 
cellular reaction was in the subcutis, primarily within the lumen of the apocrine glands and in 
the neighbouring peri-glandular connective tissue, and that many of the apocrine glands had 
their lumen distended with leucocytes. 

The pathogenesis of this condition is still unknown, and there is a lack of evidence to support 
the original concept of hidradenitis suppurativa being primarily a disease of apocrine glands. No 
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significant differences have been found in the size and density of the aprocrine glands in 
hidradenitis suppurativa compared with normal contrełs ` It has been postulated that the 
initiating event in the disease is occlusiøn of the apocrine duct crifice. Some support for this 
comes from keratinous plugging of the apocrine cect produced in the axillae of r2 normal male 
subjects by the application of perforated >¢ladorma adhesive tape tc manually depilated axillary 
skin. Three of the 12 subjects developed lesions at the tape sites which clinically resembled 
hidradenitis suppurativa. However, this study may not represent an appropriate model for the 
disease. 

Hidradenitis suppurativa mav alsc be seen in association with other conditions where 
occlusion of follicular structures plays 2 more obvious role, namely acne cenglobata and 
dissecting folliculitis of the scalp. These taree caritions have been referred to collectively as 
the ‘follicular occlusion triad’. More recently aaother commponent, pilonidal sinus, has been 
added to form a ‘tetrad’.’ 

In order to gain more information a>out the pathogenesis of hidradenitis suppurativa, a 
retrospective study was made of the histelegy in « cilary skin from patients with this condition. 














METH ORS 
Specimens of axillary skin surgically excised “rom 12 patients with clinically established 


hidradenitis suppurativa were examined. The ~ssue wes fixed in 10°, formol saline and 
processed routinely. Serial sectians 4-m in thickness were cut and stained with: haematoxylin 
and eosin. The histological features were compared with control specimens of post-mortem 
axillary skin obtained from 10 cadavers with no previous history of hidradenitis suppurativa or 
other dermatological problems aad with axillary skein surgically excised from one patient with 
hyperhidrosis. Particular attention was paid tc ‘he type and cistribution of inflammatory 
changes in the skin, and to morphological abnormalities of the sweat glands and the pilo- 
sebaceous units. In cases where the infammatory infiltrate was dense and the sweat glands 
difficult to recognize on haematexylin and eosin-srained sections, an immunoperoxidase stain 
for cytokeratin CAM 5.2 was used. This de ineatas the sweat glands clearly from the 
surrounding structures, and the eccrine glands skew a more intense and uniform Staining than 
the apocrine glands, providing an.additione] mear:s.of distinguishing them, even in the presence 
of severe inflammation. 


RESULTS 


In specimens from re out of 12 patients with hidrsdeaitis suppurativa, cystic structures lined by 
stratified squamous epithelium and containing lar inated keratin were identified in the dermis 
(Fig. 1). Half of these contained free hair shafts, suggesting that they represent abnormal dilated 
hair follicles (Fig. 2). In four cases, there were also epithelium-limed sinus tracts extending 
directly from the surface epidermis into the deep dicrmis. Axillary skin from one ef the patients 
contained a cyst lined by squamous epithelium: sith some adjacent eccrine glands but no 
apocrine glands. In all the specimens, the apocrine gards showed no significant morphological 
abnormalities. 

Skin from all the patients exhi!tited chronic inf armatory changes with extensive scarring in 
the dermis and subcutis. Acute indammacion was also present in eight of the 12 cases. However, 
in specimens from seven patients, there was no inflammation in apocrine glands, despite 
inflammatory cells being identified around hair follicles and the epithelium-lined cysts and 
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FIGURE 1. Axillary skin showing irregular epithelium-lined structure in a case of hidradenitis 
suppurativa. The inflammatory cell infiltrate is most intense adjacent to the squamous epithelium (bottom 
of picture) and peri-follicular scarring is prominent ( particularly on the left). The apocrine sweat glands 
appear normal (top left and right). (H & E x 32) 


A MANNAN 


FIGURE 2. Laminated keratin and hair shaft seen within one of the cystic structures in axillary skin. 
(H&E x125). 
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FIGURE 3. A case with extensive infammation involvin= 30t only the apocrine glands (in the centre of the 
field) but also eccrine glands (on the right) and a hairtollicle (to the left). (CAM 5.2 x 80). 





FIGURE 4. A dense infiltrate of neutroptils around the disraptec follicular epithelium (H & E x 80). 
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TABLE 1. Histological features in hidradenitis suppurativa (total 
number of patients = 12) 


No. patients 
Feature affected 





Cystic epithelium-lined structures 


(5/10 with disruption of epithelium) I0 
Sinus tracts lined by squamous epithelium 4 
Chronic inflammation and scarring 12 
Acute inflammation 8 
No inflammation in apocrine glands 7 
Extensive inflammation 

(involving all dermal and appendageal elements) 4 


tracts described above (Table 1). In four cases, inflammatory changes did involve apocrine 
glands, but in these the inflammation was extensive and was also present around other 
structures, including eccrine glands, hair follicles and the cystic structures (Fig. 3). None of 
these cases showed inflammation centred preferentially around the apocrine glands. In contrast, 
five of the 10 cases with ‘cysts’ displayed discontinuity of the squamous epithelium lining these 
structures, suggesting ulceration or rupture, and in these sections, the inflammatory infiltrate 
was most intense around the disrupted epithelium (Fig. 4). 


DISCUSSION 


‘The histopathological findings suggest that squamous epithelium-lined structures, taking the 
form of cysts or sinuses, are a more consistent diagnostic feature of hidradenitis suppurativa 
(being present in 10 out of 12 cases) than inflammation of apocrine glands (found in only four out 
of 12 cases). The presence of hair shafts within these structures supports the view that they are 
abnormal dilated hair follicles. This is in agreement with the view that hidradenitis suppurativa 
is a disease of ‘follicular occlusion’, rather than a primary ‘apocrinitis’. The inflammation seen 
in these cases did not seem to involve the sweat glands more than other neighbouring structures. 
However, where the epithelium-lined structures showed evidence of rupture, the inflammatory 
cells did appear to be most densely distributed at these sites. A review article on hidradenitis 
suppurativa stated that dilatation of the apocrine gland was a feature and that this eventually led 
to rupture of the gland with spread of the infection to adjacent apocrine and eccrine glands.® In 
no case were we able to demonstrate gross dilatation of the apocrine glands or any discontinuity 
of the cells lining the glands or their ducts. The ruptured cysts in our cases had a lining of 
stratified squamous epithelium similar to the epidermis and the epithelium lining hair follicles. 

Although the work of Shelley and Cahn? mentioned above has frequently been quoted in the 
literature as an experimental model for hidradenitis suppurativa, it may not be an accurate 
model for a number of reasons. Manual depilation of the skin is a traumatic procedure and may 
produce changes in hair follicles and surrounding tissues, in the same way that shaving skin with 
a safety razor has been shown to predispose to infection.” The addition of atropine to the tape 
which was applied to the axillae of the subjects cannot be regarded as simulating a physiological 
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process. Also, lesions clinically resembling hidrac enutis suppurativa were produced in only 25% 
of the patients. Other investigators'” have pointed aur that the acute lesions induced have not 
progressed to the chronic condition recognized as hidradenitis suppurativa. Histological 
examination of axillary skin from: the three positive cases of Shelley and Cahn showed keratinous 
plugging of dilated apocrine sweat ducts and inflammatory changes confined to a single apocrine 
sweat gland unit. The adjacent glands, hair foioeles and eccrine glands appeared entirely 
normal. We have not seen this, even a: the edge of the inflammatory lesions bordering on normal 
skin, which might have been expected to show the early changes of hidradenitis suppurativa. 

Further evidence that occlusion of the apocrine cit orifice is not involved in the pathogenesis 
of hidradenitis suppurativa comes fram comparrcn with Fex-Fordyce disease. This condition 
presents as a chronic papular eruption associated with pruritus, in areas containing apocrine 
glands. Histological examination of skin from these patients shows follicular plugging in the 
epidermis with occlusion of the orifice of the apecrine ducts. The continued secretion of sweat 
leads to rupture of the duct ard the formation of aprocrine sweat retention cysts.’' The 
follicular plugging in this condition produces specsic changes in the apocrine glands, yet the 
clinical and pathological features cf this disease are distinct from those of hidradenitis 
suppurativa. 

The pathological features of hidradenitis sucperetiva that we have observed bear many 
similarities to those of acne. The epithelium-i:sned structures resemble comedones.!* In a 
review of a large series,'* 70°% of patients with bidradenitis had active acne or evidence of past 
acne. Hidradenitis suppurativa ¿s distinguished be its peculiar distribution, and by chronic 
relapsing inflammation, which is crfheult to manage both medically and surgically. The 
predilection of this disease for particular anatomical sites corresponds not only to the 
distribution of apocrine glands in the body, butalse to the distribution of terminal hair follicles 
dependent on low concentrations of androgens. Hidradenitis may be considered as a 
suppurative inflammation of these terminal hair fo. lscles, with their associated apocrine, eccrine 
and sebaceous glands being secor-darily involved. Acne is a disease of sebaceous follicles, but the 
fundamental change in both cond:tions may be s:milar, i.e. hyperkeratosis of follicular 
epithelium leading to formation of comedo-kke structures. The bacteriology of acne is 
characteristic, Propionibacterium acnes being found im virtually all comedones,'? and there is 
evidence for this micro-organism being the mediator of comedo rupture, which leads to 
inflammation. In hidradenitis suppurativa, a wide variety of different bacteria have been 
isolated,'* but not P. acnes. Treatments in acne vulgaris have not been uniformly effective in 
hidradenitis suppurativa and antibiotics do not produce any long-term remission. The results of 
treatment with isotretinoin hawe at best been ecuivocal, although therapy with the anti- 
androgen cyproterone acetate appears to be more successful.!>!° 

In our histological review, inflammation of the apocrime glands does not appear to be a 
primary feature of hidradenitis sappurativea, or a useful diagnostic feature. These findings agree 
with those of Plewig and Steger,’ who have used the term ‘acne inversa’ to encompass 
hidradenitis suppurativa, as wel! as the other diseases in the follicular occlusion triad and tetrad. 
This concept takes into account the sirnilarities, as well as the differences, between these 
conditions and acne. 















ACKNOWLESS MENTS 


This work was carried out on materzml collected et St George’s Hespital, London, and we are 
grateful to Dr P.S.Mortimer for his most helpful advice. 





pet 


14 
15 


16 


17 


Pathology of hidradenitis suppurativa 769 


REFERENCES 


Velpeau A. In: Aissele, Dictionnaire de Medicine, on Repertoire General des Sciences Medicales sons le Rapport 
Theorique et Pratique (Behcet Jeune Z ed), Vol. 2. 1839; 91. 

Verneuil A. Etudes sur les tumeurs de la peau et quelques maladies des glandes sudoripares. Arch Gen Med 1954; 94: 
693-705. 

Schiefferdecker B. In: Die Hautdrusen des Menschen, und der Saugetiere, thre Histologische und rassenanatomische 
Bedeutung Sowie die Muscularis Sexualis. Stuttgart: E Schweizerbart, 1922. 

Brunsting HA. Hidradenitis suppurativa: abscess of the apocrine sweat glands. Arch Derm Syphil 1939; 39: 108-20. 
Morgan WP, Hughes LE. The distribution, size and density of the apocrine glands in hidradenitis suppurativa. Br 7 
Surg 1979; 66: 853-6. 

Shelley WB, Cahn MM. The pathogenesis of hidradenitis suppurativa in Man. Arch Derm Syphil 1955; 72: 562-5. 
Plewig G, Kligman A. In: Acne. Morphogenesis and Treatment. Berlin: Springer-Verlag, 1974; 192. 

Gordon SW. Hidradenitis suppurativa: a closer look. J Nat Med Assoc 1978; 70: 339-43. 

Masterson TM, Rodeheaver GT, Morgan RF, Edlich RF. Bacteriologic evaluation of electric clippers for surgical 
hair removal. Am f Surg 1984; 148: 301-2. 

Edlich RF, Silloway KA, Rodeheaver GT et al. Epidemiology, pathology and treatment of axillary hidradenitis 
suppurativa, 7 Emerg Med 1986; 4: 369-78. 

Shelley WB, Levy EJ. Apocrine sweat retention in Man. Arch Dermatol 1956; 73: 38-49. 

Kligman AM. An oveview of acne. J Invest Dermatol 1974; 62: 268-87. 

Conway H, Stark RB, Climo S er al. The surgical treatment of chronic hidradenitis suppurativa. Surg Gynecol Obstet 
1952; 95: 455-62. 

Paletta CP, Jurkiewicz MJ. Hidradenitis suppurativa. Clin Plast Surg 1987; 14} 383-90. 

Mortimer PS, Dawber RPR, Gales MA, Moore RA. A double blind controlled cross-over trial of cyproterone 
acetate in females with hidradenitis suppurativa. Br J Dermatol 1986; 115: 263-8. 

Sawers RS, Randall VA, Ebling FJG. Control of hidradenitis suppurativa in women using combined antiandrogen 
(cyproterone acetate) and oestrogen therapy. Br J Dermatol 1986; 115: 269-74. 

Plewig G, Steger M. Acne inversa (alias acne triad, acne tetrad or hidradenitis suppurativa). In: Acne and Related 
Disorders (Marks R and Plewig G, eds),. 1st edn., London: Martin Dunitz Ltd., 1989; 345-57. 





British Journal of Dermatology (1990) 122, 771-776. 


Elucidation of chemical compounds responsible 
for foot malodour 


F.KANDA, E.YAGI, M.FUKUDA, K.NAKAJIMA, T.OHTA AND 
O.NAKATA 


Shiseido Research Center, 1050 Nippa-cho, Kohoku-ku, Yokohama 223, Japan 


Accepted for publication 28 December 1989 


SUMMARY 


Short-chain fatty acids from the socks and feet of subjects either with strong foot odour or with 
weak or no foot odour were extracted with ethyl ether, and then analysed by gas chromato- 
graphy/mass spectrometry (GC/MS). Short chain fatty acids were found in greater amounts 
from those subjects with strong foot odour. Iso-valeric acid was present in all the subjects with 
foot odour but was not detected in those without. Olfactory evaluations of the various short- 
chain fatty acid solutions were in agreement with the GC/MS analyses. By incubating sweat and 
lipid from subjects with strong foot odour, we succeeded in reproducing the foot malodour. GC/ 
MS analyses of reproduced foot odour revealed that short-chain fatty acids were present in a 
similar composition to that found in vivo. 


It is generally accepted that offensive body odours are generated by the decomposition by 
micro-organisms of organic substances derived from the eccrine, sebaceous and apocrine 
glands, into volatile compounds of low molecular weight. Each region of the body appears to 
have its own key odour that gives the site a distinctive smell. Studies involving the sampling and 
identification of volatile compounds from the body and from different sites, most of which were 
performed by means of gas chromatography/mass spectrometry (GC/MS), have been 
reviewed. >? Although a number of compounds including short-chain fatty acids, nitrogen- 
containing compounds and sulphur-containing compounds, etc. have been identified within 
body odour, few reports have suggested a key odour for a certain body site. 

Products aimed at reducing or eliminating offensive body odours are available and most 
contain either aluminium salts to inhibit perspiration or antimicrobials to inhibit odour- 
forming bacteria. Masking agents such as perfumes are often included, but these are not always 
satisfactory. Our aim is to develop a deodorant that acts directly on the chemical compounds 
responsible for offensive body odours. In this study we have concentrated on analysing those 
compounds responsible for foot odour and, as short-chain fatty acids appeared to contribute, we 
have investigated their relationship with foot malodour. 
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Olfactory evaluation of short-caam fatty acid aguseus solutions 

A total of eight aqueous solutions were prepared, cach containing £000 ppm of short-chain fatty 
acids (C2~-9). Each solution was put in a numbered glass bottle, Our panel of ‘sniffers’ consisted 
of 10 men and 10 women aged 20-35 years who had net been specially trained to detect the 
compounds under study. With each of the eight sedutions, after sniffing, the subjects were asked 
if they could recognize any smel and these who could were asked whether it resembled foot or 
axillary odour or neither. The same assessments ere carried out with different concentrations 
of solutions containing 100, 10, : and o-1 ppm. 


Sampling of foot odour 

Five healthy male subjects aged 25-30 years with ¿zrong foot odour, and five healthy males of the 
same age who considered that they had little or so foot odour at all, were also chosen. All the 
subjects wore pre-ether-extracted socks (synthetic fibre) and performed physical exercise by 
means of an ergometer (30 rpm) under 35°C at so”, humidity for 30 min. After the physical 
exercise, five of the subjects had 2 strong foot odeur whilst the other five had either a faint or no 
odour at all to their feet. Extracts ‘rom the socks were obtained using ethyl ether with a Soxhlet’s 
extractor for 5 h. Extracts from the feet were obtained using ethyl ether which was evaporated in 
a vacuum and the ether-free extract driec and placed in a micro-reaction vial. To the extract was 
added 2 ml of 0-5%,, p-toluene sulfonic acid methanol solution. The micro-reaction vial was 
placed inside a 100°C oven for 66 min for methyl esterificatien and the sample then analysed by 
GC/MS. 


Reproduction of foot malodour 

Attempts were made to reproduce the malodour using sweat and hpid. The subjects who took 
part in the study of 1 vivo foot ocour wore a sterilized plastic bag around the bod y so that sweat 
would pour into the bag during physical exercise. Following exercise the lipids were extracted 
from their backs using acetone as the solvent. The lipids extracted from both the foot and back 
were almost identical, as determined by thin laver chromategrap*ty (TLC). The sweat sample 
was placed inside a 1o0-ml Erienmeyer flask, where it was concentrated in a vacuum to 
approximately 7 ml. After evaporating the acetone in a vacuum, 3-5 mg of the lipid was added to 
the concentrated sweat. The flasks were placed mside a 37°C oven and left for 10 days. The 
samples were analysed by GC/MS but, prior te extraction with ether, hydrochloric acid (6 M) 
was added to adjust the pH to t so that the short-chain fatty acids would be efficiently extracted 
from the water-rich matrix into the ether layer. 


GC/MS analysis 

All the foot and reproduced feet malodeur samples were introduced into a Hitachi M-80 mass 
spectrometer via a Hewlett Packard 5710A gas chromatograph. The gas chromatograph was 
equipped with a Hewlett Packard capillary colurna (Ultra 2, 5%% phenylmethylsilicone, 0-52 um, 


ion source temperature and electron multiplier voltage of 200°C and 2 kV, respectively. Mass 
chromatograms were monitored at mass number (mi Z) 74, a characteristic ion observed for fatty 
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acid methyl esters due to McLafferty rearrangement. For identification of the observed peaks, 
mass spectra and GC retention times were compared to those of authentic short-chain fatty acid 
methyl esters. 


RESULTS 


Olfactory evaluation of short-chain fatty acid aqueous solutions 

The assessors responded positively to all the rooo ppm solutions. Some were not able to detect 
an odour from the diluted solutions. The results for the 1000 ppm solutions (Fig. 1) show that 
each fatty acid was considered to resemble either foot or axillary odour by at least two assessors. 
Iso-valeric acid (iso C5) was considered to resemble foot odour by half of the assessors, and 
acetic (C2) and butyric (C4) acid by six of the 20 assessors. Valeric acid (C§) and enanthic acid 
(C7) were considered to resemble axillary odour most, but in each case by only four out of 20. 
We can assume from this result that foot odour is more distinctive than axillary odour in terms of 
its relation with short-chain fatty acids. Short-chain fatty acids considered to resemble axillary 
odour tended to be higher in carbon number than those that resembled foot odour. Iso-valeric 
acid was considered to have the odour of feet at all concentrations. Some assessors, although 
evaluating iso-valeric acid as not resembling foot odour at 1000 ppm, found it to resemble foot 
odour at diluted solutions. A total of 70°, of the assessors found iso-valeric acid at least at one 
concentration to resemble foot odour. 


Analysis of foot odour 

Figure 2 compares the mass chromatograms obtained from analysing the extract from the sock 
of a subject with strong foot odour and that from a subject with hardly any odour. The latter half 
of the chromatogram is the region where fatty acid methyl esters of comparatively high 
molecular weight elute. The peaks eluted are fatty acids derived from lipids and they are more or 
less identical. However, in the first half of the chromatogram, considerable amounts of short- 
chain fatty acids are detected from the subject with foot odour (Fig. 2b), whereas hardly any 
occur in the subject with no foot odour (Fig. 2a). The sock extract samples analysed from 
subjects with foot odour all exhibited more short-chain fatty acids than those from subjects 
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FIGURE 1. Olfactory evaluation of short-chain fatty acid solutions (1000 ppm). The vertical scale shows 
the number of assessors who responded to each corresponding acid as resembling either foot (QO) or 
axillary (W) odour. 
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FIGURE 2. GC/MS analysis of seck exmact. Mass chromategrams from (a) a subject without foot odour 
and (b) a subject with foot odour 


without foot odour; this also applied to feot extract sample (Fig. 3). Iso-valeric acid was 
abundant in all the subjects with foot odour but was never detected from those without foot 
odour. 


Reproduction of foot malodcours 

The odour reproduced from the sweat and lipic of sabjeez: with strong foot odour resembled 
that found im vivo. The intensity of the odourincreased and reached a maximum by the tenth day 
after incubation. Only a faint odeur was generated by incubating the sweat and lipid of subjects 
without foot odour. GC/MS analysis of reproduced foot odours resembling actual foot odour 
revealed short-chain fatty acids including isc-valeric acid, end their compositions were found to 
be similar to in vivo foot odour samples. 

Whilst analysing the faint or agnost odouriess samples generated by incubating the sweat and 
lipid from subjects with weak or 10 foot odour, ax interestiag phenomenon was observed. Upon 
addition of hydrochloric acid forpH adjustment..a pungent »dour resembling that of strong foot 
odour was suddenly generated. When these samples were analysed by GC/MS, short-chain 


fatty acids including iso-valeric acid were identified “Fig. 4). 


















DISCUSSION 





The smell of iso-valeric acid was found to resemble most clearly that of foot odour, as 
determined by 14 of our 20 assessars. Iso-valeric acid has been considered as the primary 
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FIGURE 3. GC/MS analysis of foot extract. Mass chromatograms from (a) a subject without foot odour and 
(b) a subject with foot odour. 
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FIGURE 4. GC/MS analysis of reproduced foot odour. The sample was from a subject without fo stodour e 
and was originally odourless, but generated strong foot odour upon addition of hydrochloric acid. 
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chemical odorant of sweat, being one of six primmary humen odours.’ Specific anosmia of iso- 
valeric acid was reported to be 3%, the lowest among the six primery odorants, this fatty acid 
having a distinct odour recognizable by most people. All cf our assessors could recognize iso- 
valeric acid at a concentration of 100 ppm. 

GC/MS analysis revealed that short-chain fatty acids were responsible for foot odour, as they 
were detected in excess from subjects with stror@ foot odcur compared to those without. Iso- 
valeric acid was always present in those with strong foot odour, but was never detected in those 
subjects without foot odour. 

The reproduced foot odour was similar to that found in vivo and, as expected, was found to 
contain iso-valeric acid together with other short-chain fatty acids. It is significant that a 
pungent foot-like odour was generated upon addimon cf hydrochloric acid to odourless samples. 
We can speculate that short-chain fatty acids were in the ferm of their odourless metallic salts, 
which dissociated into free fatty acids on acidification. This may serve as a clue to why some 
individuals have strong foot odour whereas others do not. The mechanism by which subjects 
with weak or no body odour possess short-chain fatty acids in the metallic salt form is unknown. 
It may be possible to apply this finding to a deocorizing mechanism, and to convert offensive 
short-chain fatty acids into odourless metallic sats. 

In this study we have analysec foot odour in respect of short-chain fatty acids that have also 
been identified in other body sites, such as the axilla,* vagina,” anc hair and scalp.° Although 
body odours are mixtures of many chemical cempounds, short-chain fatty acids contribute a 
large amount to foot malodour. 
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SUMMARY 


We have investigated whether C 57 Br-6 mouse skin with all its follicles in the telogen stage of 
the hair cycle contains a hair-growth inhibitory activity, as opposed to skin with anagen follicles. 
Crude aqueous extracts of whole telogen mouse skin (TE), anagen skin (AE) or vehicle alone (V) 
were injected intraperitoneally into mice in which anagen had previously been induced by 
plucking of telogen hair follicles. Injection of TE, but not AE or V, significantly retarded the 
development of anagen follicles, as measured by macroscopic and quantitative microscopic hair 
growth parameters (skin pigmentation and thickness, appearance of trichohyaline granules) and 
the incorporation of tritiated thymidine into mouse skin from animals previously treated with 
either TE or V (skin organ culture). This inhibitory activity seemed to be localized to the 
epidermis and was also present in rat epidermis. We suggest that this apparently non-species- 
specific inhibitor present in telogen skin may play a role in regulating the hair cycle in rodents. 


The development and cyclic activity (telogen, anagen, catagen) of the hair follicle require tightly 
controlled, mesenchyme-dependent epithelial cell proliferation.'~*> Experimental systems 
which focus on hair growth provide models for the study of growth control and epithelial- 
mesenchymal interactions, in addition to their relevance for hair disorders. We have developed 
simple in vivo and ex vivo assays for the study of hair growth inhibition using C 57 B1-6 mice, 
which complement a previously suggested in vivo assay for hair growth stimulation,* and have 
investigated whether endogenous inhibitors play a role in regulating the hair cycle. 

With induction of anagen, the skin pigmentation of C §7 mice progresses from pink (telogen) 
to black (late anagen), because the truncal skin melanocytes in these animals are confined to the 
hair follicles. Active melanogenesis is coupled with follicular growth*’® and the stage of the hair 
cycle can be assessed on the basis of skin colour alone. The development of anagen can be 
followed by recording changes in skin colour and skin thickness (the whole skin thickens in these 
mice as anagen progresses’) and the appearance of trichohyaline granules, an anagen-specific 
differentiation product of the follicle inner root sheath. The follicles of these mice grow 
synchronously and can be induced to grow by stripping of the telogen hair shafts with a wax- 
rosin mixture, as plucking of telogen follicles leads to a traumatic induction of anagen.”*!° This 
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provides a simple system for stucying the inhibition of rapidly proliferating epithelial tissues in 
general, and hair growth in part:cular. 

Previous work from our labcratory suggested am inhibitory control mechanism for hair 
growth.* We used this model to study the presence of a local, endogenous hair-growth inhibitor 
in telogen mouse skin. It was proposed by Chase® chat the cyclic activity of the hair follicle could 
be explained by the gradual build-up of inhibitor of proliferation during anagen. Eventually, the 
build-up of inhibitor would terminate anagen and lead te telogen, while the stimulus for the 
initiation of follicular activity could he in the gradual loss of that inhibitory activity during 

v, telogen skin Dat act enagen skin should be rich in this hair- 
p DIBON activity. Taoa our studies sxc have found that telogen skin contains an 
inhibitor of hair growth which supports the hypothesis of the role for endogenous agents in the 
control of the hair cycle. 





METHODS 

Animals 

C 57 B1-6 mice (female, syngenic, 6-8 weeks old. t 5-20 g, and the telogen state judged by their 
pink skin colour), and long Evans hooded rets (f2maaie, 2-4 months old) were purchased from 
Charles River, Kingston, N.Y. For anagen mduction the telogen mice were anaesthetized (30 
mg sodium pentobarbitol/kg body weight) and stripped of hair using a wax and rosin mixture 
which was painted over the bacx of the mouse and after hardening, peeled off, inducing the 
resting follicles to enter anagen. Animais were then killed using ethyl ether. 


Extract preparation — 

For the preparation of telogen (TE) or anagen AE) skin extract, individual mice (telogen or 
anagen-induced mice, stripped 3 days sefore) were killed and then clipped. They were then 
washed briefly in 80°, ethano: aad the skin used for extract preparation (TE: whole torso; AE: 
anagen-induced back skin) was dissected free at the level of the subcutis. After two washes in 
PBS at 4°C, the skin of one mouse torso was immediately transferred to a 50-ml glass beaker 
containing 25 ml (AE: 20 ml) of ro mai HCI (4° Ch mieced with scissors and homogenized. This 
homogenate was transferred to rs-mi pelypropy lene cemtrifugation tubes (Corning, N.Y.) and 
incubated for 1 h at 4°C. The crude extracts were then centrifuged in a table top centrifuge at 
1500 rpm for 20 min at 4°C. The supernatant was removed and transferred into clean 
polystyrene tubes and stored at «°C and usec on the same day. Protein determination!! of three 
representative extract preparat-ons gave a mean concentration of 634 +064 (SDM) mg 
protein/ml for TE, and 5-42 +0-71 mg protein;nd for AE, using bovine serum albumin (Sigma 
Chemicals) as standard. 

Extracts from telogen epidermis (TEE) and telagen dermis (TED) were prepared as above 
from whole telogen skin (mouse, rat) thet had been cur with a scalpel into 5-mm wide strips and 
incubated overnight at 4°C in 10 mg,;m! dispese (Boehringer Mannheim, F.R.G.) so that 
epidermis and dermis could be easily separated. The separated epidermis and dermis were then 
washed twice in PBS. One batct. of TE was alse dialysed overnight at 4°C in cellulose dialysis 
tubing (mw cut off: 12,000-14:000, against 4 | of ro mm HCI and the dialysand used for 
injections (dialTE), 


Mouse in vivo anagen induction «ssay 
Anagen-induced mice were injected intraperitonza'ly (i.p.) once daily at 8-10 a.m. on days 0-5 
with 0-5 ml of TE, AE, TEE, TED, ratTEE, dia TE or vehicle alone (V; ro mm HCH, the first 
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FIGURE 1. Measurements of dermal thickness (basement membrane to upper margin of penniculus 
carnosus) as an indirect parameter of anagen development after once daily intraperitoneal injection of 
telogen extract (TE, O), anagen extract (AE, @), or vehicle alone (control, O) into anagen-mduced C 57 
Bi-6 mice (the arrow sign represents p. injection of the respective extract, small numbers above each 
point = n; bars denote + 1 SEM) 


injection being within 3-5 h of anagen induction. Randomly selected animals were killed after J, 
3, 55 7, 9 or 12 days at 5-7 p.m. for histology and their skin pigmentation and palpable skin 
thickness were recorded. 

Two experimental protocols were used. In one set of experiments (dynamic assay) the effect of 
once daily i.p. TE injection (days o-5) on anagen induction was followed over time and 
compared with the effects of AE and V (controls) (see Fig. 1). In another assay (static assay), 
different extract preparations (TE, AE, TEE, ratTEE, TED, dialTE, V) were injected into 
anagen-induced mice once daily (days o-§); all animals were killed on the evening of day 5 and 
the dermal thickness was measured microscopically as an indirect quantitative parameter of 
anagen. 


Histology 

Mouse skin was harvested and processed for light microscopy, and dermal thickness was 
measured semi-blind as the distance between the epidermal basement membrane and upper 
margin of the panniculus carnosus, as previously described.* The presence of anagen-specific 
trichohyaline granules (THG) was measured semi-blind by assessing six microscopic fields 
(100 x magnification) per section, four sections per animal (expressed as the number of fields 
positive for THG per six fields (+ SEM). The thickness of untreated telogen skin was 
determined as 168 um +3 SEM, while anagen skin 12 days after anagen induction by stripping 
gave a value of 550 ug + 10 SEM. 


Ex vtvo assay: mouse anagen skin in organ culture 
After twice daily i.p. injections of TE or vehicle on days o—3 or on days 0-5 into anagen-induced 
mice, the animals were killed, and 4-mm punch biopsies taken from the skin of their backs. 
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These biopsies of almost identical diameter end ct ssue volume were cultured for 24 hat the air- 


liquid interface (37°C, 5% CO,. air, toa®,, H,O on filter paper and stainless steel grids, with 


nine in each culture dish and with 5 ml DME wit 10°:, fetal bovine serum and with antibiotics 
and antimycotics in the culture medium. At o 1 all dishes were pulsed with 5 uCi tritiated 
thymidine/ml H- Tdr) specific activity: 17: mCimg, over 24 h. At the end of the incubation, 
each skin fragment was washed in PES, the epide-mis and dermis separated by scdium bromide 
incubation (nine biopsies in 40 ml cf 2 M MaBr for 120 min at 37°C), washed again in PBS, 
individually solubilized in 300 ¿i Soluer= (Packard Instr.) and processed for liquid scintillation 
spectrometry, using Ultima Gold (Packasd Iestr.) as scintillant. As shown by previous 
autoradiography experiments, Tdr imcorporstion inte cultured skin fragments occurred 
almost exclusively into epidermal and epithe ial bulb keratinocytes. Thus, radioactivity 
measurements in the dermal fragment represented primarily epithelial bulb growth. This agrees 
with the reported proliferation kinetics of the déferent skin cell populations. 314 








RESULTS 


In vivo assays (i.p. mjections of extracts. 
In contrast to vehicle or AE, intrapenitoneal/y in ected TE retarded the development of mouse 
anagen follicles im vivo. As shown in Figure r (dynamic assay), the differences in anagen 
development between the three extracts: TE, AE V), measured by assessing the anagen-related 
increase in dermal thickness, were not apparent antil day s after a total of six i. p. injections of 
extracts. On day 5, TE-injected mice showed a cermal thickness of 200 (+ 8 SEM) um, while 
AE-injected mice reached 290 ( = 10° um, and V--niected mice (controls) 330( + 10) (P value for 
TE/V <o-001, P for TE/AE < o 005% Cn day 7, 2 days after injections had been stopped, the 
measurements exhibited maximal diterences bemween the three groups: 250 um (TE), 420 um 
(AE) and 430 wm (V). Whether the difference in dermal thickness between the vehicle and AE- 
injected groups on cay 9 (Fig. 1. is merely an ex>ression of the degree of variability of anagen 
development in this bioassay or reveals specifie biological properties of AE, awaits further 
clarification. By day 12, the skit of all groups hed agaim reached comparable stages of anagen 
development. 

The statistically significant differerces in microscopically measured dermal thickness 
between the three groups on days § amd 7 were also visible macroscopically: the back skin of TE- 
injected mice was palpably thinmer and visibly less pigmented than of AE- or V-injected mice 


TABLE 1. The effect of :elogen extract on dAferent hair-growth parameters at day §. 

After once daily ip. insection of either TE or V om days o~s, all mice were killed, 

identical regions of bacieskin were processed for histology, and the dermal thickness.as 

well as the presence of srichonyaime granules (THG: expressed as microscopic fields 
postive for TAG per six fields) were measured 
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(Table 1). Interestingly, daily i.p. injections of TE over 12 days failed to completely block 
anagen development. Both TE- and V-injected mice exhibited a skin thickness of 510 jam in this 
experiment (SEM < 1:2 jan, n= 3 per group) and showed the presence of THG in almost all 
microscopic fields examined. 

In a separate experiment (Table 1: antic assay), the j i.p. injection of TE on days o—§ after 
anagen induction was compared with the injection of vehicle alone (all animals killed on day 5). 
This assay confirmed the findings of the previous dynamic assay: TH-injection significantly 
inhibited the development of anagen follicles as compared to the controls. In particular, the 
appearance of THG, an additional highly specific marker for anagen follicles, was retarded by 
TE injection. In these mice less than 20% of the microscopic fields scanned exhibited THG in 
the follicle internal root sheath, compared to about 90% THG-positive fields in the control 
animals. 

A second static assay compared the effects of i.p. injections of different extract preparation on 
days o~§ on the dermal! thickness of anagen-induced mice, all of which were killed on day 5. 
Table 2 shows that mice injected with V and TED exhibited significantly thicker skin than those 
mice injected with TE, TEE, ratTHE or dialTE, with the strongest inhibitory activity exerted 
by TE and dialTE. 


Ex-vtvo assay: exposed tn-vtvo/assayed in-vitro 
‘The data from the ex vivo assay suggest that the in vivo effect of TE-injection (twice daily, days 
O-5) persists and can be measured in vitro when, after finishing the injections and killing the 
animals on day 5, their skin is incubated for 24 h in an ex vivo skin organ culture assay. 
Measuring the incorporation of “H-Tdr as a parameter for cell proliferation, the epidermis of 
V-injected mice gave 17955 (+1146 SEM) cpm and the dermis 22156 (+1385) cpm, where 
almost exclusively epithelial bulb cells proliferate during this incubation period, thus reflecting 
follicle growth.*'* The epidermis of TE-injected mice, in contrast, showed significantly 
more Tdr incorporation (36114 +6723) and the dermis significantly less Tdr incorporation 


TABLE 2. The effect of different skin extracts on dermal 
thickness at day 5 Anagen-induced mice were injected i.p 
once daily on days o—§ with different extract preparations. 
Control, ro mm HCI; TH, whole telogen skin extract; TEE, 
telogen epidermis extract, TED, telogen dermis extract; 





dial TE, diatysand of dialysed TE 
Day Skin thickness 
post-stripping (um + SE) "n 
Untreated 

Telogen skin o 168 +3 6 
Anagen skin 12 550 + 10 3 

Extract-treated 
Control 5 29345 ii 
TH 5 I80+4 5 
3 TEE 5 220Ł5 4 
TED 5 290 +7 5 
Rat TEE 5 210+3 5 
Dial TE 5 190 + 3 6 
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DISCUSLION 


Using a simple in vivo assay for the study of hair-zrowth infibiticn, we have shown that mouse 
telogen, but not anagen, skin contains an inhibitor that, on in traperitoneal injection into anagen- 
induced mice, retards the development of anagers follicles. This inhibitor appears to be derived 
from the epidermis, but is not species-specific, as an extract preparation from rat epidermis also 
slows anagen development in mice (Table 2). 

The data from the ex vivo assay suggest that the telogen-specific inhibitor may be hair-growth 
specific, as it may actually stimwate epidermal proliferation rather than inhibit it. The ex vivo 
experiments also show that the eect cf TE on amagen development and thus on epithelial bulb 
cell proliferation, persists for some time in the absence cf systemic influences after the skin has 
been removed from the anima! and grown in organ culture (*H-Tdr pulse and incubation time: 
24 h). 

Only telogen, and not anagen, skin extracts retard the anagen development in the dynamic 
assay (Fig. 1), so our observations tend co support the concept that an inhibitorv/ disinhibitory 
mechanism plays a role in regulating the hair cycle. °-*-°-'~ It is not known whether the inhibitory 
activity associated with telogen skin cam act directly on isolated follicles such as rat vibrissae 
follicles in vitro,'° or requires the presence of systemic influences. Evidence as to whether it acts 
by delaying the onset of anagen or by retarding its development requires the development of 
more specific, sensitive and reliable assays for devecting the earliest molecular events of anagen 
induction in telogen follicles. Although the inhibecor contained in the crude aqueous skin extract 
needs to be characterized biochemically, it appears that it is a telagen-specific molecule. It may 
be related to the putative ‘epidermal! chalone’!°~ 7 in that ir localizes to the epidermis and is a 
non-species-specific inhibitor. We previously reported that an epidermal-derived inhibitor of 
mouse epidermal cell proliferation, tae pentapeotide pyreGlu-Glu-Asp-Ser-GlyOH,!® non- 
species-specifically mhibits hair growth in uive and in citre.!? 

Our findings contrast with those of Bullough and Laurence!” who did not observe an 
antimitotic action of aqueous mouse epidermal extract on hair bulbs. This discrepancy remains 
to be explained, although the diferent metheds of extract preparation and the different animals 
used by these authors, as well as the petential lability of the inhibitor, may account for this. 
Frater*® has reported the extraction of a lectis-like inhibitory activity from rat skin in an 
undefined stage of the hair cycle with a suggested MW of scoo-10,000. It remains to be 
established whether that inhibitory activity or the epidermal pentapeptide are related to the 
inhibitor as described by us. 

We have controlled for the possibility that the hair-grewth inhibitory activity of TE may 
simply be due to non-specific toxicity of our extract preparation by comparing the effects of an 
equal amount of anagen and telogen skin extract ef similar protein concentration, in addition to 
administering a vehicle control. This study shows that there are indeed distinct differences in 
activity between AE and TE which are unlikely tobe based solely on differences in the toxicity of 
these two extract preparations. 

‘The development of anagen, ence induced, ceuld not be blocked completely by continuous 
injection of TE, though it comic be corsiderable retarded in its earlier stages. The hair cycle 


oe 
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program which ‘switches on’ anagen in resting follicles may be fairly resistant to the interference 
of endogenous mitotic inhibitors and may follow an all-or-none pattern of growth. Once 
initiated, the induction program appears to progress until development of the full anagen follicle 
is completed, an observation which is in accordance with the studies of Johnson and Ebling.” 
Alternatively, the temporary effect of the inhibitory activity contained in telogen skin might be 
explained by the increasing appearance of counteracting stimulatory factors during the course of 
anagen development, which may eventually override the inhibitory agent. 

In summary, we have used simple and versatile assays for the study of hair-growth inhibition 
to demonstrate that mouse telogen skin contains a non-species-specific inhibitor of hair growth, 
which may play a role in the regulation of the rodent hair cycle. A purified inhibitor, as well as , 
subsequently synthesized specific antagonists, should be clinically useful molecules, since they 
might serve as effective and specific therapeutic modulators for treating disorders of epidermal 
and follicular growth such as epidermal hyperplasia or skin atrophy and alopecia or 
hypertrichosis. 
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SUMMARY 


Sixteen patients with localized scleroderma (LS) and 11 with progressive systemic sclerosis 
(PSS) were studied using non-invasive techniques to determine skin thickness, skin extensibi- 
lity, transcutaneous PO, and cutaneous blood flow and were compared with normal controls. 
LS was characterized by a decreased skin extensibility with thickening of the skin in progressive 
lesions. There was an increase in the cutaneous microcirculation with a decrease in the PO,. In 
PSS, there was a decrease in the skin extensibility caused by thickening of the skin, but no 
change in cutaneous microcirculation or PO, values. These results indicate that skin thickness 
and extensibility are the most useful parameters in the study of the progression of LS and PSS. 


Localized scleroderma or morphoea is characterized by well-defined plaques and bands or drop- 
like lesions that are easily recognized. The classical appearance is that of a central atrophic area 
which is either pigmented or of a pearl-white colour and with a lilac-coloured border. These 
plaques may blend with normal skin but usually remain detectable on palpation. In PSS, large 
areas of the skin appear to be thickened although this can be difficult to evaluate in the early and 
intermediate stages. The quantitative evaluation of scleroderma by the use of objective 
parameters is of interest as regards diagnosis and monitoring progression, and also for assessing 
the effectiveness of various therapeutic agents. 

Previous studies using non-invasive techniques have been carried out in scleroderma as 
regards skin elasticity,! skin thickness,” skin colour? and studies on the microcirculation.* 
These have been mainly on the localized form of scleroderma and have shown that the plaques 
are more thick and less extensible than the normal skin and that the microcirculation is greater in 
the centre of the lesions. In this study we have applied several techniques to the same lesions 
with the aim of identifying the most sensitive parameter for the changes in the skin in 
scleroderma. 
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METHEDS 


Lesions studied 

Localized scleroderma (LS). Seventeen lesions were studied in 16 patients (mean age: 335 
years; range: 7-72 years). The clinical detads ace given im Tabie 1. Five of the lesions were 
considered progressive with the presence of a lilac border and/or an increase in size and/or the 
appearance of new lesions. Five lesions were peso ving either by a regression or disappearance of 
the lilac border or a reduction in pigmentation between the examinations. Seven lesions were 
considered to be static. Sixteen months after the end of the study the lesions were re-examined 
and the central parts were measured and compaved with contralateral non-invoived areas. 











Progressive systemic sclerosis (PSS). Biever cases of systemic scleroderma were studied. They 
were classified according to Winkelmann, and five were type I which were weakly progressive, 
four were type IH which were highly progressive. One case was associated with dermatomyositis 
and had the mixed connective tissue disorder. and one patient with progressive systemic 
scleroderma progressed to develop eosinophilic fasciitis (Shulman’s syndrome). The clinical 
details of these cases are given in Table 2. The site investigated was the ventral surface of the 
forearm. The results were compared to those obtzined under the same conditions from a group 
of healthy controls (approximately r0 subjects im each po-year age range). 


TABLE {. Ciiracal details of patiears with localized scleroderma 





Single Multiple Single Multiple 
rmorphoea  morphoes band bends 
Number of patients 8 4 I 4 
Lesions clinically 
progressive i 3 Q 
regressive 7 { I 3 








TABLE 2. Clinica! detais of patients wth progressie systemic sclerosis 




















Duration Cirgan involvement 

Age Type of cf disease (er minnir aE KIT os a NTT LDR 

No. Patient (years) Sex scleroderma (years) Rayvnaucs Cardio Lung Gut Arthri. Renal 
I C.B. 44 F Type I 13 + o o oO + o 
2 A.B. 47 F Type I 8 + o O oO O ce) 
3 CG. 69 F Type I 24 + o © o O O 
4 N.C. 38 F Type I 2 + O D + + O 
5 M.G. 4I M MOTD 2 o o o O + o 
6 C.G. 62 F Type Il ro + + + + + + 
4 G.M. 30 F Type H I5 + Ò + + (e) 0) 
8 M.P. Pii M Type I 3 4 oO o + O O 
9 M.P. 52 F Type H I5 + + + + re) O 
10 L.R. 57 F Eos. Fac. 5 Q + o + O (e) 
II Y.S. 22 F Tyge HI 2 + o + + + (e) 
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Measurement of skin extensibility ; 

This parameter was assessed by a torque method using a twistometer®.°’’ Briefly, a low torque 
(30 x 107 * Nm) was applied with a disc with a diameter of 18 mm that was fixed to the skin using 
double-sided adhesive tape. A guard ring limited the width of the ring of skin studied to 3 mm. 
The angle of rotation was measured by a detector (RVDT) and displayed automatically. In the 
experimental conditions used the extensibility of the entire skin, both dermis and epidermis, 
was measured.’ 


Skin thickness measurement 

The skin thickness was evaluated using the ultrasound A-scan echography technique.® Briefly, 
an ultrasound pulse was applied at the skin surface and was reflected by the dermis—hypodermis 
interface. The transit time was measured and displayed by means of an oscilloscope. The skin 
thickness was derived from the speed of ultrasound in skin, i.e. 1605 m/s.” 


Cutaneous microcirculation 

The cutaneous microcirculation was measured using a laser Doppler velocimeter (LDV 
Periflux). This technique specifically measures blood flow. Each value was the mean of three 
determinations taken at 5 intervals. 


Transcutaneous PO, measurements 

A Roche Kontron apparatus was used to measure the PO; in a carefully cleaned area with the 
probe at 44°C. The probe was calibrated in the room taking into account the atmospheric 
pressure and was zeroed in a current of nitrogen gas. The results were expressed in mmHg. 


Statistics 
The results were analysed using a t-test for paired values in LS and a t-test for two mean values 
in PSS. The values were expressed as mean+ SEM. 


RESULTS 


Localized scleroderma 

The skin thickness and extensibility of progressive and regressive lesions are shown in Figures 1 
and 2, respectively. In the case of progressive lesions, the mean skin thickness was 60% + 5% 
greater than in contralateral areas (P < 0-04), whereas extensibility was reduced by 67% + 11% 
(P<o-oo1). For regressive lesions the values for thickness were ~—10%+6% and for 
extensibility were’: —35%+10% (P <0:005). 

The results for cutaneous blood flow and PO, are given in Figures 3 and 4. Blood flow was 
increased by approximately 40% + 10% in the centre of both progressive and regressive plaques 
(P<0-001). PO, was decreased in progressive lesions by 35% t10% (P<o-o1) and by 
17% t5% (P <001) in the regressive lesions. : 


Generalized scleroderma 

The results for skin thickness and extensibility relative to controls are given in Figure 5. The 
skin thickness was approximately twice (+ 106% + 18%) that found in age and sex-matched 
controls and extensibility of the skin was reduced by 68% + 8%. Both of these differences were 
highly significant (P < o0-oo1). No significant differences in the cutaneous blood flow or PO, 
were observed relative to the controls. 
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FIGURE 1. Skin thickness in the certre of theplaques,.comtpared to controls, for progressive and regressive 
lesions of LS. 
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FIGURE 2. Skin extensibility assessed ir: the centre of cae plaques, compared te controls, for progressive 
and regressive lesions of LS. 


DISCUSEION 





Previous attempts to characterize sclerotic skin esing objective criteria have mainly involved 
measurements of its visco-elastic preperties. A study using a relatively simple device for the 
measurement of skin extensibility in the vertical piane, showed that it was reduced by up to 75% 
in acrosclerosis.’ Using a similar device which enabled repetitive stress to be applied 
perpendicularly to a disc of skin, it wes showa tha: the distensibility of scleroderric plaques in 
LS was strongly reduced, as were hysteresis and resilient distension, although resilience was 
increased in regressive plaques.* It was also shown, using A-scan ultrasound, that skin thickness 
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FIGURE 3. Cutaneous blood flow measured in the centre of the plaques, compared to contralateral areas, 
for progressive and regressive lesions of LS. 
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FIGURE 4. Transcutaneous PO, measured in the centre of the plaques, compared to contralateral areas, for 
progressive and regressive lesions of LS. 


in the centre of the plaques was clearly increased relative to contralateral areas, particularly in 
the case of advanced scleroderma.” 

The results in general were confirmed in our study. However, the clinical differentiation of 
LS plaques in terms of their extensibility allowed a more precise characterization of the affected 
skin. The extensibility of skin, as with other materials, depends mainly on its thickness, and 
under strain depends on the following parameters: 10 E = M/ano-4 Ri R2 x 1/(Ue x Ep), where 
E is the elasticity modulus of the tissue, Ep is thickness, R1 and R2 are the geometric 





790 B.Kalis +t al. 


FIGURE §. Variation (“,,) in skin thickness and skin exeensibilite compared to control groups for cases of 
PSS according to their clinical classification, 


“o, 7 
Pew g oe ot oy a Taa n aes i: Meee 
WIE She Gy Ste ur atlarceas 


¥ 


MOTD D 

Fos fos O 

oe Stgei W 
Poe ao 

Sie © S 






Extensibih y 


gahan] 


He hya 


(NS), while in the case of regressive esions: AEZ = — (0°30 ~0'10)= +049 (P <0-001). This 
latter increase in the modulus reflects an intrinsic increase in skin stiffness, whereas in the 
former case the reduced elasticity would appearts be due solely to an increase in skin thickness. 
‘The same approach can be used to study the charzcteristics of PSS. In this case, considering the 
lesser accuracy of the measurements because of te use of a control group, the reduction in skin 
elasticity can be explained by the large increase m skin thickness. 

With regard to blood fow measurements, there is lttle published data, but Serup? and 
Kristensen and Wadskov'' have shown that in L5 cutaneous blood flow was increased in the 
centre of the plaques. This increase ccrrelated wth clinica] severity and was confirmed by our 
studies, although an increase wgs also observed in regressive lesions. However, it should be 
noted that regressive lesions remain sclerotic, as chown by the measurements of skin elasticity. 
Partial pressure of oxygen, on the contrary, was seduced. This reduction was more marked in 
progressive (34°) than in regressive plaques (18°.) Laser Doppler blood flow (LDV) 
measurements reflect overall flow in the deep arteriolar network, with the exception of the 
capillary vessels themselves, where flow is extremely weak. Partial pressure of oxygen was 
evaluated at the skin surface and corresponded to the oxygen supply through the arterial walls 
minus oxygen consumption in the dermis and ecidermis. ©xygen diffusion through a fibrotic 
dermal network may well be restricted, while the seduction in partial oxygen pressure measured 
at 44°C, associated with an increase in blood fiow. would reflect increased oxygen consumption 
by the tissues. This phenomenon is craracteristicfor inflammation.'?:'3 The smaller reduction 
in PO, in regressive lesions would reflect the lower degree of inflammation. The divergence 
between these two parameters (ILD V and PO,) could also be explained by a reduced vascularity 
of the papillary dermis.’* This wouid be compensated by a higher blood flow in the dermal 
plexus. Unfortunately, there are no specific methadsfor studying the microcirculatory network. 











In vivo studies on scleroderma 791 


Finally, this study has shown that the largest and most significant differences between 
sclerotic and control skin were obtained by means of measurements of skin thickness and 
elasticity. The two techniques, A-scan ultrasound and twistometer® were of considerable use in 
the study of the pathology and progression of scleroderma and can be used to evaluate the 
improvement due to effective therapeutic agents. 
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SUMMARY 


The chronic effects of the irritant sodium lauryl sulphate (SLS) on stratum corneum (SC) 
barrier function, determined by transepidermal water loss (TEWL) measurements and on 
epidermal cell kinetics, estimated by stratum corneum turnover time (SCTT) determination 
(dansyl chloride staining method), were investigated in 18 healthy female volunteers. SLS 
(7-5) was applied without occlusion for 20 min once daily, over a period of 3 weeks (5 days a 
week) on dansyl chloride-stained skin and on untreated skin. SCTT of untreated skin 
(19°3+0°8 days; mean + SEM) was not changed by daily treatment with water (control) 
(1933+20) but was significantly reduced by SLS (10-9 +06; P<o-o001; compared to 
controls). However, TEWL was increased in SLS-treated sites 1°§-fold after 4 days of 
treatment (5-3+0°6 vs. 3:5 +03; P<o-oo1). At the end of the second week, TEWL was 
increased 2-6-fold and after 3 weeks TEWL was 3:3 times higher than in controls (13:0 + 1°6 vs. 
3:9, P<o-0001). The intensity of SLS-induced irritation as measured by TEWL was 
significantly correlated with baseline TEWL (r=0-50; P<o0-02) and significantly negatively 
correlated with SCTT of SLS treated sites (r = — 50; P<0-02) but not with SCTT of untreated 
skin (r = 0°19). 


Although irritant contact dermatitis can produce significant disability, relatively little is known 
about its pathophysiology.'~* Many studies concerned with cutaneous irritation use a single 24- 
48 h occlusive application of sodium lauryl sulphate (SLS) as a model. This is useful in studying 
the physiology of irritated skin, but surfactant exposure in real life is usually of shorter duration 
and cumulative. We therefore investigated the chronic effects of the model irritant, SLS, on 
stratum corneum (SC) barrier function, determined by transepidermal water loss (TEWL) 
measurements and on SC turnover time (SCTT), as estimated with the dansyl chloride 
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fluorescence technique. SLS-induced TEWL igcrease was compared with baseline TEWL, 
SCTT of healthy skin and SCTT of SLS-treated skin. 





METHeDS 
Study population 
Eighteen healthy, Caucasian women aged between 18 and 49 years were the volunteer subjects 
after having given their written informed consent. The study had been approved by the 
University of California San Frencisco Commitee for Human Research. 








SC turnover time (SCTT) 

SCTT was determined using the damsy. chloride staining method.* Briefly, stratum corneum 
proteins were stained with flworescemt dansyi chloride (§% in petrolatum for 24 h). 
Subsequently, the treated skin was examinedda:lr with ultreviolet illumination. SCTT was the 
time in days from staining until Juorescence disappearance. 


Applications 

SLS (7:5°%) in distilled water was applied to prermarked testsites on the mid volar forearm (2-5 
cm’) without occlusion for 20 min once daily (s days a week for 3 weeks) on dansyl chloride 
stained skin and on untreated skin: o-2 ml was pipetted into s glass ring (1-8 cm inner diameter) 
which was fastened to the skin with silicone (Achesive Clear, Dow Corning Corp. Midland, 
MI). Water served as vehicle coatrol. 


Measurements 


ngs 


Statistics 
Differences in TEWL and SCTT were tested fer their significance with Student’s t-test for 
paired samples.’ Correlation coe‘ticients were ceculated according to Pearson. 


RESULTE 


Daily application of 7:15% SLS for 20 min significantly increased TEWL after 4 days of 
treatment (5:3 +06 vs. 35 £03. means + SEM. P<o-0o1). At the end of the second week, 
TEWL was increased 2-6-fold; after ome more week TEWL was 3:3 times higher than in 
controls (Fig. 1). Only two of r8 volunteers showed an equivocal reaction at the end of the first 
week (Table 1); after one more week, half the volanteers showed some erythematous reaction. 
At the end of the study two-thirds of the study population showed erythema with a mean 
erythema score of r-o (Table 1). 

SCTT of untreated skin (193 +08 days’ was not altered by daily treatmeat with water 
(19°3 + 2-0) but was significantly reduced to 10-9-+ 0-6 by chronic SLS application (Fig. 2). 
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TEWL (g/m? h) 





Time (days) 


FIGURE 1. TEWL g/m7h~ ` was measured before daily application (5 days a week) of 0-2 ml 7 5% SLS(@) 
oc water as vehicle control (O) to volar forearm skin. Note that TEWL was significantly increased m SLS- 
treated sites as compared to controls prior to onset of erythema in most subjects (day 4). *P<0 001; 
** P<0 OOO! (paired t-test) (means + SEM; a= 18 volunteers) 


TABLE 1. Erythema scores 


Day O os I 2 3 4 Mean + SEM 
a; 18 o (0) © (8 Q oo+00 
2 18 O © (a) 3) O Ooo+06 
4 14 3 I o o 0) OIOI 
9 13 a 2 I fe) e) O3tOI 
II 9 3 i; I o o OSŁOI 
16 5 4 6 3 o O Oo8+02 
18 s I 6 6 O Q 10+02 


Erythema scores (arbitrary units) before daily application (20 min) of 7 5% 
SLS to volar forearm skin (4 = 18 volunteers). 





Control Woter SLS 
(7 5%} 


FIGURE 2. Stratum corneum turnover time (SCTT) estimated with the dansyl chloride staining method. 
SCTT of untreated skin (19-3 +0'8 days; means + SEM) was not altered by daily treatment with water 
(control) (19-3 +2 0) but was agnificantly reduced by daily SLS application * P< 0-001 (paired t-test; 
nm 18 volunteers). 
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TABL: 2. GCorreiction matrix 
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Correlation ceefieients bereesen pretreatment TEWL 
(TEWL t; meanof two replicates TEWE after 3 weeks of 
cumulative SLS exposureyTEWIL2), SCTT of uncreated 
skin (SCTT 1) and SCT TY of Sl. S-treated skin (SCTT 2; 
(n= 18 velunteers:, 

* Significant a: P< o-02, 
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FIGURE 3. TEWL of SLS-treated sites (after 2 weeks obdaiy open exposure 10 75^, SLS for 20 min) was 


significantly negatively correlated with scracum corneum turnover ume (SCTT) of SLS-exposed skin 
(m= 18 volunteers). r= — oso; P<c-o2. 


No significant correlation between SCTT of untreated skin and SLS-induced TEWL 
increase was seen (Table 2). However, baselme TEWL and SCTT of SLS-treated skin were 
significantly correlated with TEWL ef SLS-irr:tated skin -Table 2, Fig. 3). 


DISCUSSION 


There have been several studies of the 2ffects cf an acute single appl.cation of diverse irritants on 
skin physiology and epidermal kiretics.*-'! Wowever, exposure to irritants, especially 
surfactants, occurs differently in everyday life. Exposure tends to oe cumulative over weeks to 
years, with only several minutes each cey and aswally wirhout occlusion. It is not known 
whether the pathophysiology of irritar t d2-metitis induced by a single 24-h patch application is 
comparable with chronic irritant dermetitis. Ore study Cemonstrated decreased SC water 
binding capacity induced by open SLS applicatiersfor three consecutive days,'* whereas a 24-h 
patch exposure to SLS was reported te increase the SC water content and water binding 
capacity.'? There may be more differences between acute and chronic irritant dermatitis. The 
Soap Chamber Test® and the 21-day human~camulative-irritation-assay'* both employ 
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repeated exposure of the same skin site to an irritant, but both tests use occlusive application to 
amplify the effect. Their purpose is to detect and quantify mild to moderate irritant consumer 
products rather than to study the subclinical changes induced by irritants. 

In this study we investigated the effects of cumulative SLS exposure on SC barrier and 
epidermal kinetics of human skin. Measurement of TEWL allowed detection of subclinical 
changes occurring in the absence of erythema as, in the majority of volunteers (day 4), TEWL 
was increased in SLS-treated sites before a clinical effect was noticeable. As treatment 
continued, TEWL increased further and erythema was seen in more of the volunteers. 

The effects of this treatment on SCTT were also investigated. The dansy] chloride method? is 
an indirect method for estimating epidermal kinetics, and relies on subjective evaluation, but it 
is easy to perform, non-invasive and provides a reasonable estimate of SC renewal.t11:+5-17 As 
the transit of cells through the horny layers is a function of the rate of cell production by dividing 
cells, SCTT is an indirect measure for mitotic activity.* Our SCTT data of untreated skin 
(19°3 +0°8 days) agrees with previous data (17-7~18°5 d).*'°"!” Treatment with water for 20 
min daily produced no change in SCTT, whereas SLS-treatment induced almost a 50% 
reduction in SCTT. Thus, skin kinetics, i.e. mitotic activity, was stimulated before irritation 
was visible in most volunteers. It is unlikely that the faster disappearance of the fluorescence dye 
was due to a washing effect unrelated to SLS-induced irritation, as twice daily washing with 
soap for 1 min did not change SCTT,* and the reduction in SCTT was significantly correlated 
to changes in the SC barrier induced by the same treatment. The cosmetic industry markets 
products claimed to ‘rejuvenate’ the skin, and uses the dansyl chloride method as evidence of 
their efficacy. We suspect that the increased cell turnover noted may be related as much to 
irritation as to ‘rejuvenation’ of the skin. 

After 3 weeks’ treatment with SLS, TEWL showed significant linear correlation with 
pretreatment TEWL values. This supports earlier studies??? that baseline TEWL is 
predictive for the severity of surfactant-induced irritation. However, we were not able to find 
this correlation in earlier studies when a 24-h occlusive SLS application was employed.?° 
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SUMMARY 


We studied 128 children who were transplacentally exposed to polychlorinated biphenyls and 
dibenzofurans in Taiwan, their parents and siblings who were directly exposed, and 11 § control 
children. Direct exposure of the mothers stopped in 1979 and the children were born as late as 
1985. At birth, exposed children had increased rates of hyperpigmentation, eyelid swelling and 
discharge, deformed nails, acne, natal teeth and swollen gums compared to controls. On 
examination, they had a much higher rate of dystrophic finger-nails and pigmented or 
dystrophic toe-nails than controls. They also had an increased rate of hyperpigmentation and 
acne. In addition they had more generalized itching, localized skin infections and hair loss. The 
findings seen in transplacentally exposed children differ from those seen in people directly 
exposed, particularly in the latter group in higher prevalence of acne. 


In the spring of 1979, there was an epidemic of acne with other symptoms among boarders at a 
school for blind children in central Taiwan. Within a few weeks, cases occurred in local factories 
and later on throughout Changhua and Taichung counties. A retrospective study indicated that 
the earliest cases were from December 1978. An epidemiological investigation together with 
analytical chemical studies indicated that the illness was a form of chloracne, due to the ingestion 
of rice-bran cooking oil that had been contaminated during manufacture with a mixture of 
polychlorinated biphenyls (PCBs).* The PCBs had been repeatedly heated and cooled and were 
contaminated by the highly toxic and acnegenic polychlorinated dibenzofurans (PCDFs).?* 
Distribution of the contaminated brand of oil was stopped in October 1979. A registry of 
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exposed persons maintained by the health cepartmenrt eventually included over 2000 people. 
This was the second recorded epidemic of chloracne cue to PCB ccntamination of cooking oil; 
the first had occurred in Japan in 1968 and involved over 1000 cases.* 

The dermatological findings in adults who iagested the oil m Japan*® or Taiwan® and in 
persons with industrial chloracne’ are well descr: bed, but there is vary little information on the 
offspring of female patients.” Because the PCH« and PCDFs are stored in fat tissue and are 
metabolized and excreted very slowly, the offspring of female patients continued to be born 












1979. Taiwanese health departrment registry data up to February 1983 included 39 hyperpig- 
mented children born to exposed mothers, of whom eight had died.' To characterize the 
transplacental syndrome clinically and epidenticlogically, we performed a field survey in 
Taiwan in April 1985 of all living children of exposed mothers who were known to have been in 
utero during or after the period ef oil contænination. These children would have had 
transplacental and possible exposure through breast milk, but would not themselves have 
consumed the contaminated œl. We have resorted the general findings of this survey 
elsewhere,” but in this report describe the dermatological ndings in greater detail. 





METHODS 


In January 1985, all living children were identifed wao had beer. born to mothers included in 
the registry, informed concent was obta:ned. the mether interviewed, and the family invited to 
attend a clinic in April. Any of the children born in or after June 1¢78 were considered to have 
been at risk of transplacental exposure. There were 132 such living children, born to 74 mothers 
and they ranged in age from a few months to just under 7 years old. The mothers were 
interviewed in January about their child’s health, ther own expcsure to the toxic rice oil, and 
their symptoms during the pregnancy. During the April examinat.ons, mothers (or occasionally 
fathers or grandmothers) filled owt an additional »istory form specifically for the dermatological 
findings as experienced by themselves ard by them children. The examinations were carried out 
over 11 days in April 1985 at four sites in nerth and wemtral Taiwan. Almost all patients were 
seen by JST; about 25%, were aiso seer by YCW, and the parerts were usually present. The 
physical examinations were concucted without knowledge of medical history. However, as the 
families knew each other and some adults still hac-obvious chloracne, blinding was not possible. 

Information was obtained frora the interviews en 12% cf the transplacentally exposed children 
(four infants were missed). Of these, 117 children rom 5& families attended the clinic; one infant 
died between interview and exarnination. The desmatelogy checklist for one exposed child was 
not obtained. In addition, in each exposed family. the youngest sibling born before June 1978 (if 
any) was also invited. There were 28 of these older sibi ngs; 16 were interviewed and 15 came to 
transplacental exposure. Most of the exposed adults were also examined, but net usually over 
the whole body. 

The family was asked to suggest possible contro! ch:ldren of the same age and from the same 
neighbourhood. The same questonnaire and examinations were administered to these mothers 
and children. The mothers were asked about exposure to confirm that they were unexposed to 
the contaminated oil. Mothers ef 115 cortre! chilcren trom 96 families were interviewed and, of 
these, 108 children from 92 families attended the clinic. Twe contrel children left the clinic before 
reaching the dermatology station Noconmtrols were obsaimed for the older siblings or the adults. 

Statistics presented are usually frequencies and pereemtages. Proportions were compared by 
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Fisher’s exact test; the role of covariates such as the date of birth and the number of older 
siblings also transplacentally exposed was examined through logistic regression. 


RESULTS 


Neonatal history as reported by parents 

The transplacentally exposed children had a number of findings as reported by their parents. 
They had a history of eyelid swelling and discharge, acne neonatorum, nail deformity, and 
hyperpigmentation at birth which was much more frequent than in older siblings or the 
unexposed children (Table 1). Only transplacentally exposed children were reported to have 
natal teeth or swollen gums at birth. Of the 57 hyperpigmented children, 46 (all transplacentally 
exposed) were reportedly pigmented over their entire body. The most common sites for acne in 
the transplacentally exposed were the forehead (eight children), trunk (eight), and cheeks 
(seven). One sibling had acne on the cheeks only. All of these (as shown in Table 1) were 
significantly more in the transplacentally exposed children than in controls (Fisher exact test, 
P<o-o00or). 

Many children had multiple neonatal findings reported. There were 75 children with at least 
one of the findings as listed in Table 1; 13 (including one control) had only hyperpigmentation, 
seven (including five controls) had only eye discharge, three had only swollen gums, one had 
only acne, one had only deformed nails, and 50 had multiple findings. Among the 75 neonatally 
affected children, there were few obvious patterns to the findings. There were 21 children with 
both eyelid swelling and discharge. There were no children with both acne and natal teeth. 
There were 21 children with both nail deformities and eyelid swelling or discharge. 

Among the transplacentally exposed children, logistic regression was used to examine the 
effects of certain factors on the rates of occurrence of these neonatal findings. Those children 
born shortly after direct exposure ceased were neither more nor less likely to exhibit the findings 


TABLE 1. Neonatal dermatologic findings reported by parents 





Transplacentally Older 
exposed (",,) Control ći) sibling (°.,) 

n= £28 m= LES n= 16 

Eyelid swelling 25 (20) oo) oo) 
White eye discharge 32 (25) 5 (4) oto) 
Hyperpigmentation 54 (42) 2 (2) 1 (6) 
Small/deformed nails 30 (23) 1 (1) oto) 
Acne 16 (13) OO) 1 (6) 
Natal teeth 13 (10) o (0) 0 (0) 
Irritated/swollen gums It (9) oto) o (0) 
Any of above 67 (§2) 7 (6) 1 (6) 
Two or more of above 48 (38) r (1) I £6) 


erwhoananemeananmmrmaarttetievenessnananararairetrnitniseiansisssnnnenvae tisha iss SLarrreTht=ittScaararare nite EA aa eTITetHhrHHStAALRSRASRUTa Stitt SarreenAiannefLeraneW neti 


Items are from a general health questionnaire administered at initial 
interview in the home; however, the entry for natal teeth includes two | 
children whose teeth were reported to the dentist rather than on the. 
questionnaire. Entries are the number of positive answers (also expressed as 
a per cent); missing and ‘don’t know’ answers are counted as negative 
answers. n, number of persons questioned. 
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shown in Table 1 than those born long afterwards {/ > o-10:. In adéition, if a woman had several 
children born after exposure, the first of these was neither more nor less likely to have these 
problems than were later children (P > >10.. 





Lifetime history as reported by parents 
The results from the dermatology checklist, in waich we asked whether various conditions had 
ever occurred are shown in Table 2. Note that we can readily compare the transplacentally 
exposed children only to their contro:s; their older siblings and mothers have had more time for 
the conditions to occur. The main differences between the transplacentally exposed and control 
children were deformities of the finger- anc tee-nails. The mothers also reported acne scars 
more frequently for the exposed children, Generalized itching wes reported more often for the 
transplacentally exposed children. Localized acscesses and warts were also reported more 
frequently in this group. However, the main Ending was the 23 children with finger-nail 
deformities of whom 22 also had toe-mail deformatics. The reported neonatal findings from the 
January questionnaire (Table 1) were compared with reported lifetime findings from the April 
questionnaire (Table 2); the latter are available only for these chikiren who attended the clinic. 
Of the 16 children attending whose mothers had reported neonatal acne, only two were reported 
as ever having acne scars. Of the 28 children attending whose mothers had initially reported 
small or deformed nails at birth, only t3 werereperted lateras ever naving had deformed finger- 
or toe-nails. The reason for this inconsistent reperting is not Enown; it is possible that Io 
children had nails that were smal bur nct deformed, but it .s also mossible that the reporting by 
the mothers was inaccurate. 

Among the transplacentally exposed chilcren, many of the reported lifetime findings were 
more prevalent in older children than in younger Tais may be beczuse children born soon after 








TABLE 2. Lifetime history of derrmatolegiecal findings reported by parents 





Transplacentaliy Oo Ger Exposed 
expemec {° ) eomtrel ()  siblime (°..3 mother (°%) 
m= T16 p= JOG m= 145 n= §6 











Deformed finger-nails #3 (2D) -© {0} ogm) 21 (38) P<0- 001 
Deformed toe-nails gI (27) iret 17) 19 (34: P<0o-oo! 
Acne scars Fi (ga 0 (0) 2783) 35 (56; P <00 
Generalized itching 73 (28) #6 (75) 4 127) 26 (46: P = 0-023 
Allergy r3 (fa) tO £9) 27) § (9) P> 
Eczema 3a (25) #1 (29) 4 27 FIIS P>oatr1o0 
Abscesses or boils 26 (223 Fi (10) 4°27) 1§ (279) P=oO-o1g 
Warts ECH ri 2.23) 97 (13) = 0037 
Blistering in sun < (43 2 (2) 0 <9) 2 (4) Poo 
Excess facial hair 4 {34 ren I <7) 1 (2) P>o10 
Dark red urine ET {1S} ez (FE) 234) 8 (14) Poio 
Hair loss Ea. (123 2(23 0 72) 27 (48) P=0-004 
Numbness of hands or feet {I 1 (i) L`?) 36 (54. Poio 
Localized thickening of palms/soles 303; ETT) o0) 15 (27; P>o10 
Items are from a checklist administered to attendees at the examination. Entries.are the number of positive answers 
(also expressed as a per cent); missing and “don’t knew’ aeswers are counted as negative answers. n, number of 
persons questioned, The last column gves tie s-gmifieance evel of Fisker’s exact test comparing transplacentally 


exposed anc controls. 
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the poisoning were more severely affected than those born later or because older children have 
simply had more time for the findings to occur. Logistic regression accounting for both age and 
sibling number (with the first child after the poisoning being sibling 1) showed that age was 
sometimes significant but sibling number was never significant (P > 0-10 for all outcomes). 


Physical examination 

Hyperpigmentation persisted at the time of examination and occurred with a high prevalence in 
the children transplacentally exposed (Table 3). Post-traumatic and post-inflammatory 
pigmentation were excluded. Noticeable facial hyperpigmentation was three times more 
frequent in the exposed children than in controls (P = 0-045, Fisher’s exact test). Hyperpigmen- 
tation of the genitalia was more frequent (P = 0-0178), with the rate higher in the transplacen- 
tally exposed than in their older siblings. Hyperpigmentation of the feet was also increased in the 
transplacentally exposed, although the increase was of borderline statistical significance 
(P = 00-0701); rates in hands were unaffected (P > 0-10). Rates of gingival hyperpigmentation 
were unaffected by transplacental exposure (P > 0-10), but older siblings and exposed mothers 
showed high rates. The dentist who examined these children reported 43 transplacentally 
exposed, 33 controls and 11 siblings with oral pigmentation. For those examined after the first 3 
days, a subjective assessment of general skin colour (light, moderate or dark) was noted; 11° of 


TABLE 3. Results of dermatological examination 


‘Transplacentally Older Exposed 
exposed (%,) Control (%4) sibling (%,} mother (%) 
n=117 n= 106 N=1§ n= 6O 
Hyperpigmentation: 
Perineal/ genital 50 (43) 29 (27) 3 (20) o(o)* 
Face 13 (11) 4 (4) 3 (20) 36 (60) 
Feet/toes 24 (21) 12 (11) 4 (27) o(o)* 
Hands/fingers 9 (8) § (4) 2 (13) o (0) 
Gingiva/lips 23 (20) 17 (16) 7 (47) 38 (63) 
Finger-nails 
Dystrophic only 17 (15) 1 (1) © (o0) 8 (13) 
Pigmented only o (0) 0 (0} i (7) 20 (33) 
Both 2 (2) 0 (0) o {0) 6 (10) 
Toe-nails 
Dystrophic only 38 (32) 19 (18) 3 (20) 2 (3)* 
Pigmented only 4 (3) o (0) 5 (33) 8 (13)* 
Both 32 (27) 303) 5 (33) 1§ (25)* 
Acne 
Acneiform lesions 11 (9) 7 (7) 1 (7) 39 (65) 
Acne scars 11 (9) 6 (6) 6 (40) 46 (77) 
Lesions and/or scars 20 (17) 10 (9) 7 (47) 50 (83) 
Meibomian or conjunctival involvement 12 (10) 9 (8) 1 (7) rr £18) 
Scaly or keratotic disorders 31 (26) 17 (16) 8 (§3) 97 (12) 
Sweat gland disorders 7 (6) Fa, o (0) o {o)* 


Entries are the number of persons with the condition (also expressed as a per cent). n, number of persons 
examined. * Indicates that mothers were often not examined, 
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FIGURE 1. Pigmented and slightly dyst-ophic finger-mails o! a 6 4'i 2-year-old male on bottom. Control 
child’s nails on top. 





FIGURE 2. Pigmentation and onychodys-rophy oftoe-mails in a § 9! 12-year-old female. Note onychauxis 
of fifth toe-pail and increased transverse overcurvature of third toe-nail 
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the transplacentally exposed were dark and 43°, were light, as compared to 6 and 64%, 
respectively, in the controls. There was little tendency for general skin colour to be related to 
local hyperpigmentation. Only hyperpigmentation of the feet showed a relationship with 
general skin colour, and there it was stronger in the controls than in the exposed. 

In the children dystrophic finger-nails (Fig. 1) essentially occurred only in those transplacen- 
tally exposed. Dystrophic toe-nails (Fig. 2) were less specific for they occurred in both the other 
groups of children, albeit much less often in the controls. Pigmented toe-nails were seen more 
commonly in the older siblings and less often in transplacentally exposed children. The exposed 
mothers had a high rate of pigmented finger-nails and toe-nails. Rates of dystrophic finger-nails, 
dystrophic toe-nails, and pigmented toe-nails were all statistically significantly higher in the 
transplacentally exposed than in the controls (P < 0-001). The affected digits were often the first 
and fifth; 71°, of all children with abnormal finger-nails and 61°, with abnormal toe-nails had 
the abnormalities confined to these digits. The most common deformities seen in the finger- 
nails of children were grooves and ridges (including Beau’s lines, other transverse grooves, 
ridges and ripples) and other unspecified dystrophy, affecting 10 children, and transverse 
overcurvature (pincer and tile-shaped nails) and longitudinal overcurvature (forward-curving 
and humped), also affecting 10 children. In the toe-nails, they were koilonychia (spooning) (37 
children), ridging (33), onychauxis (thickening) (26), onychoschizia and other splitting/scaling 
(20), plication (flattening) (17), and transverse overcurvature (12). The exposed and control 
children who had nail abormalities had similar types of deformities except that the exposed had 
relatively more onychauxis and less plication. Of the 21 children with dystrophic or pigmented 
finger-nails, 18 also had dystrophic or pigmented toe-nails. 

Acneiform lesions (acne, comedones, milia, folliculitis, follicular keratosis, follicular 
prominence) and/or scars at the time of the examination were twice as common in the 
transplacentally exposed children as in the controls (P > 0-10); they were also seen in almost half 
of the older siblings. Of those with active lesions, seven of 11 exposed children, one of seven 
controls, no siblings, and five of 39 mothers had follicular keratoses. Other kinds of lesions 
showed no obvious link with exposure. Of those with either lesions and/or scars, 11 of 20 
exposed, six of 10 controls, and all siblings had the problems confined to the face. 

There were only two children with hypertrichosis (both in the forehead area) according to the 
dermatologists; both were transplacentally exposed. However, 18 children who were transpla- 
centally exposed, five controls, and one of the siblings were considered separately to be hirsute. 
There were five children with verrucae, three who were transplacentally exposed and one each 
of the other groups. We expected large differences in granularity of the conjunctivae or 
persistent Meibomian gland dilatation; however, the three groups of children were about the 
same for these. The transplacentally exposed children had a higher frequency (not statistically 
significant, P > 0-10) of scaly or keratotic disorders (hyperkeratosis, keratosis pilaris, ichthyosis, 
xerosis, lichenification, crusting, scaling, thickening, seborrhoea) than did the controls (Fig. 3); 
their older siblings had an even higher rate. The exposed children also had higher rates of sweat 
gland disorders (miliaria, sudamina, follicular papules), although the rates are low and the 
difference is again not statistically significant (P > 0-10). 

Of the 47 transplacentally exposed children with reported neonatal hyperpigmentation who 
were examined, 39 had some current hyperpigmentation; six had facial pigmentation, 27 genital, 
and 11 gingival hyperpigmentation. Of the 27 with neonatal small/deformed nails, 23 had 
current nail abnormalities. Of the 15 with neonatal acne, only three had current acneiform 
lesions and/or scars. The two controls with neonatal hyperpigmentation and the one with 
neonatal nail abnormalities no longer show them. The sibling with neonatal hyperpigmentation 
still had pigmentation in various sites and the one with neonatal acne showed no signs of acne. 
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FIGURE 3. Axillare hyperkeratosis in 26 10 12-year-old male. 


DISCUSSION 


In both this outbreak and in the epidemic in Japan, the skin was the major target organ. 
Although chloracne is regarded as a skir disease. there are various metabolic changes and signs 
of toxicity. '™!'! In these chilcren, whose mede of exposure was different and who were 
exposed at a critical period of derelopment, the dermatological findings are somewhat different 
from those seen in adults. The transplecentally exposed children appear to have an acquired 
neuro-ectodermal dysplasia with dental abnormalities, a growth deficit, developmental delay, 
and a behaviour disorder.’ Although the chemica s are porphyrinogenic, an increased excretion 
of urinary porphyrins was uncommor but mere frequent in the transplacentally exposed 
children.'* 

The primary findings in those directly exposed im the epidemic in Japan were acneiform 
eruptions and follicular hyperkeratesis, circums -ribed hyperpigmentation and hypertrophy of 
the Meibomian gland. The pigmentation was mainly on the nails, gingivae, face (especially 
nose), conjunctivae and lips. The main findings ic the directly exposed patients in Taiwan were 
similar, but included xeroderma and keratotic plaques as well as deformed nails.° Those 
exposed to PCBs industrially have ameiform erupticns with skin and nail hyperpigmentation 
and eye symptoms are sometimes notec.’*'* ‘+ 

The results here include some but not all of these disorders. Although acne was reported to be 
quite common at birth it did not persis:. Three of the 15 children who were reported to have 
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neonatal acne still had acne at examination. Many of the parents seen in 1985 still had active 
chloracne from their 1979 exposure, and this has been the experience in Japan and in industrial 
cohorts. About half of the older siblings with potential direct exposure that we saw had 
acneiform lesions and/or scars, compared to only 17% of the transplacentally exposed children. 
This observation calls into question the concept that chloracne 1s the most sensitive biological 
indicator of significant exposure to this class of compounds. Nail changes were a much more 
striking indicator in these children than was acne. Another difference from direct exposure is the 
distribution of hyperpigmentation. In our group the finger-nails, gingiva/lips, and conjunctivae 
were not affected, but the genitals, face and feet were. Gingival hyperpigmentation was seen at 
much lower levels than in those directly exposed and conjunctival hyperpigmentation was never 
seen. The Meibomian gland was unaffected by exposure, although mothers reported swelling 
and discharge of the eyes in their newborn infants. 

The nail changes were striking and significant. The nail pigmentation appears to involve both 
the nail plate and bed. Nail pigmentation has been reported in PCB-exposed workers.'*:!* Nail 
elevation and loss occurs in rhesus macaques after intake of PCB isomers, dioxins and furans.’ 
The nail changes were the first to occur in adult animals and were also seen in babies of nursing 
females fed non-fetotoxic doses of PCB isomers (W.P. McNulty, personal communication). 
X-rays of the hand were not done in our study or in the other exposed Taiwanese. 

There is little doubt that chemical exposure during gestation produced these abnormalities. 
The polychlorinated biphenyls that were the major contaminants of the cooking oil ingested by 
these children’s mothers are mixtures of over 200 distinct congeners. ‘The PCBs were heat- 
degraded during use and thus were themselves contaminated by the PCDFs and by 
polychlorinated quaterphenyls.7*> Workers and offspring of workers exposed to PCBs that are 
relatively contaminant-free are not so severely affected, even though they have had exposures 
that produce blood concentrations of PCBs similar to those seen in these parents.'* There has 
not been a human exposure to PCD Fs alone. We can say only that the mixture is toxic, but there 
is strong suspicion that the PCDFs play the major role in its toxicity. Although it is clear that 
some of these chemicals cross the placenta,!®18 exactly which is not known. 

PCBs are among the most dispersed and persistent of environmental pollutant chemicals, and 
exposure to relatively low background amounts is ubiquitous.'?:7° PCBs, and to a lesser extent 
PCDFs, are a public health problem.?? 

The findings in these children are also an example of a rarely reported but potentially 
widespread phenomenen. While there are many transplacental toxins, there are few other 
known examples of transplacental dermatotoxins. Minoxidil, a drug with known trichogenic 
properties, apparently produced hypertrichosis in a child exposed transplacentally.?7 Pheny- 
toin is associated with a syndrome of diverse structural anomalies; nail pigmentation and nail 
and/or distal phalangeal hypoplasia?? and neonatal acne?* have each been reported in a child 
transplacentally exposed. Carbamazepine, another anti-convulsant, may have produced nail 
hypoplasia in another child.** Although it may be a coincidence, phenytoin and carbamazepine 
are both inducers of mixed function oxidase enzymes, as are PCBs. There are reports of five 
cases of cutis laxa (and varying other defects) associated with penicillamine.?° Hexachloroben- 
zene produces porphyria in adults and pembe yara (a disease characterized by pink sores and 
producing high mortality) in babies,?’ but the important exposure appears to be through breast 
milk. hus, these findings represent a rarely described phenomenon and indicate the possibility 
of transplacental origins of other dermatological problems. 
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SUMMARY 


The effect of terfenadine on the response to irradiation with blue light was measured in seven 
patients with erythropoietic protoporphyria. Terfenadine caused significant inhibition of the 
immediate flare reaction, but did not alter the erythemal response localized to the irradiation 
sites. Treatment with -carotene had no effect on the flare and erythemal responses. However, 
the flare reaction was still inhibited by terfenadine during treatment with f-carotene. 

These results show that histamine release is involved in the mechanism of porphyrin 
photosensitivity. H, receptor antagonists may be of use in the treatment of patients with 
erythropoietic protoporphyria. 


Erythropoietic protoporphyria (EPP) is an inherited, photosensitive disorder, first described by 
Magnus et al. in 1961,' in which decreased activity of the enzyme ferrochelatase leads to 
increased blood levels of free protoporphyrin. Exposure to visible light, especially wavelengths 
around 400-450 nm (blue light), causes excitation of the protoporphyrin molecule and results.in 
tissue damage, probably through generation of active oxygen species. This is manifest clinically 
as a burning or stinging sensation occurring within minutes of exposure to bright sunlight. The 
exposed skin may become red and oedematous and eventually becomes thickened, especially 
over the dorsum of the hands. Superficial pitted and linear scars are often seen on the cheeks and 
nose.” | 

Conventional treatment is with f-carotene, given orally, which, in the majority of patients 
provides some degree of photoprotection,* probably as a result of its ability to quench free 
oxygen species.* Other inflammatory mechanisms may be involved as mast-cell degranulation 
has been reported in EPPŽ and irradiation of cultured murine mast cells in the presence of 
protoporphyrin causes release of preformed mediators.° 

The acute symptoms of photosensitivity in EPP are similar to those of solar urticaria, an 
idiopathic photosensitivity disorder in which sun exposure causes mast cell degranulation.’ We 
have shown that terfenadine, a potent H, receptor antagonist, inhibits the photosensitive 
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reaction in solar urticaria.” The effect of terfenaline om the cutaneous response to irradiation 
with blue light in patients with HPP. doth before anc during treatment with f-carotene is now 
reported. 





ETHODS 
Effect of terfenadine in EPP 

Patients. Seven male patients aged between ¢ and 43 years (median 13 years: were studied. 
The age at onset of photosensitivity ranged from 4 to § years and the diagnosis was confirmed in 





each case by quantitative analysis of blood pretcporohvrin levels. 
Light source and phototesting procedure. Tne light source was a 1 kW high-pressure mercury 


lamp doped with iron and gallium iodides to enhance the spectral emission in the range 350-450 
nm. The radiation passed through optical filters to isolate only blue light (400-470 nm; Fig. 1) 
and was focused into a light guide ta produce « uniform seam (10 mm diameter) on the skin 
surface with an irradiance of 139 mW /cmå. 

Six sites, 10 mm diameter, on one side of the back of each patient were irradiated 
consecutively using a geometrical series of incressmg exposures (dose increment factor 2). The 
maximum exposure dose was 48 J/cm”. Five minutes after completing each irradiation, the 
maximum diameter of any flare orocuced at the sites was measured. One hour after irradiation 
the intensity of erythema at each of the sites wes measured using a reflectance instrument” as 
described previously.'° 

The irradiation procedure and measuremerts of dare and erythema were repeated on the 
other side of the back after cach pazjent had been trearec with terfenadine (60 mg b.d. < 12 
years; 120 mg b.d. > 12 years) tor g& h. 


Wm? am) 


Spectral irradiance ( 





350 400 a0 200 552 600 


Wavelength inm) 


FIGURE 1. The spectral irradience ia the plane o the patients’ skin. 
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Effect of terfenadine in EPP during treatment with beta-carotene 

Five of the seven patients studied previously were treated for at least 2 months with f-carotene, 
given orally (30-90 mg daily). For each patient the dose of f-carotene given had resulted in 
serum levels within the therapeutic range during previous years of treatment. Serum levels of 
B-carotene were measured prior to phototesting using the light source and irradiation protocol 
described above. The patients were then treated with terfenadine (60 mg b.d. < 12 years; 120 
mg b.d. > 12 years) for 48 h in addition to the f-carotene. The phototests were repeated and 
measurements of flare and erythema made as before. 


Statistics 

For the analyses comparing the effect of terfenadine or f-carotene on flare diameter across the 
dose range, the following procedure was used. For each patient the difference in response at each 
dose was calculated; a sign test was performed on the differences for each patient and the one- 
sided P-value calculated. The P-values were aggregated over patients by calculating the sum, S, 
of the values of —2log.P.'' If terfenadine has no effect, then theory suggests that this sum is 
distributed as 77; this follows because each P-value is distributed uniformly between o and 1. As 
only a few P-values can actually be achieved, 1000 random samples were drawn from the 
population of possible P-values and S calculated for each. The significance level of the observed 
S was found by referring it to this randomization distribution, an approach similar to that 
described by Farr et al.'* 

For other comparisons the Wilcoxon signed-rank test was used. 


RESULTS 

Effect of terfenadine in EPP 

In each patient, erythema, localized to the irradiation sites, developed during irradiation and 
persisted for several hours. By the end of irradiation, an irregularly bordered flare that extended 


TABLE 1. The increase in erythema index'® compared with unirra- 
diated control skin 1 h after irradiation with 48 J/cm? blue light before 
and during treatment with terfenadine and /i-carotene. Values are 
means of triplicate of measurements: a typical standard deviation is 
0-008. (Values around 0-050 are equivalent to minimal erythema; 
values around o- 100 are equivalent to erythema of moderate intensity). 
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FIGURE 2. The diameter of the fare produced by differen: doses of blue ligkt in each of the seven patients 
before (@) and during treatment 0D) wah terfenadine. 
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beyond the sites was seen in all patients. This became maximal at about § min and had resolved 
within 30 min. The diameter of the flare increased with increasing doses of light (Fig. 2). 
Treatment with terfenadine significantly increased the smallest dose of light required to 
produce a flare (median increase 18 J/cm,* P=0-022, Wilcoxon signed-rank test; 95% 
confidence interval [12, 30]). Terfenadine decreased the maximum flare diameter across the 
dose range (P=0-001, randomization test). 

During treatment with terfenadine, there was no significant change in the intensity of 
erythema at the irradiation sites, measured 1 h after irradiation (Table 1; median decrease in 
erythema index 0-01, P=0-45, Wilcoxon signed-rank test; 95% confidence interval [— 0:034, 
0:026]). 
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FIGURE 3. The diameter of the flare produced by different doses of blue Lbght m each of the five patients 
during treatment with f-carotene, before (@) and during treatment (O) with terfenadine. 
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Effect of terfenadine in EPP durmig treatmeni wita §-caratene 

At the time of phototesting the /-caretene levelir each patient was within the therapeutic range 
( > 7:4 umol/)).'* During treatment with §-carotzne, the flare reaction (but not erythema) was 
inhibited by terfenadine (P= 2-004, randomization test) (Fm. 3; Table 1). Using the 
randomization test, there was noevicence of a dif erence between flare diameters on and off 
fi-carotene, before terfenadine was used (P =0 s90, nor was there a difference between the effect 
of terfenadine before and durmeg treetment with %-carotene (P = >24). Likewise, there was no 
change in erythema during treztment witk }-carotene compared with pretreatment values 
(P=0-75) (Table 1). 





DISCUSSION 


It has been shown that treatment with terfenadine a poteat H, receptor antagonist, significantly 
inhibits the flare response to blue light in patents with EPP who are on no other treatment, and 
in those treated with /-carotene. 

In normal subjects, exposure tc a dese of blue light of 24-43 J/cm“ at this irradiance (130mW/ 
cm*) results only in erythema, which is localized to the irradiation site, develops during 
irradiation and resolves within 1 1(P M. F arr, unpublished data). This erythema is probably a 
thermal response to the high rate (130m W icm? yot energy deposition in the skin. In the patients, 
with EPP, erythema occurred at lower doses and persisted for us to 24 h. The intensity of 
erythema localized to the irradiation sites was no reduced «luring treatment with terfenadine, 
showing that this component cf tre inflammatory reponse to blue light in EPP is not mediated 
by histamine acting on the H, receptor. 

The irregularly bordered flare -hat developed ac sites expesed to bigher doses ef blue light is 
similar to that seen in solar urticaria,” 3 disorder in-which mast-cel] degranulation and histamine 
release occur.’ This flare was inhibited Dy t2rfenacine and indicates that part of the 
inflammatory response to blue ligat ir patients with EPP is mediated by histamine acting on the 
H, receptor. 

The mechanism of porphyrin phctosensitivity is thought to be due to generation of free 
oxygen species'* and possibly :hrough activation of complememt.'* Our data show that 
histamine release is a further mechanism of perdhyrin photosensitivity in EPP. A previous 
study found no change in skin reactior to 400 mm radiation in five patients with EPP treated with 
H, receptor antagonists such as chlorpheniramineand mepyraminz maleate.'° One explanation 
for these findings is the lower potency of conventional H, receptor antagonists, compared with 
terfenadine.'’~'°. It is of interest that in mice njected with haematoporphyrin derivative, 
irradiation with visible light has been shown te cause histamine release.”° Our findings may 
therefore also be of relevance to the persistent phetosens#ive reaction induced by haematopor- 
phyrin derivative which is increasingly used for cancer therapy.’ 

EPP is usually treated with /-carctene and we re-tested the fve patients who were being 
treated with this drug. Despite achieving blood levels of f-carotene in excess of that 
recommended for maximum effect, we were unable to demonstrate any change in flare or 
erythemal response compared with pre-f-carotene values. This s weests that any photoprotec- 
tive effective of B-carotene in EPP is not mediated through inhibition of immediate flare 
response or erythemal response ap to 1 h after exposure. The number of patients we tested 
was small and a larger study will be needed to exc ude a small effect, although a previous study 
also found no consistent change in erythemal response (assessed as minimal! response dose 
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immediately after irradiation, at 7-8 h, 24 h and 48 h) using various wavelengths from 400 to 
600 nm in 19 patients with EPP treated with f-carotene.** 


We have shown that treatment with terfenadine inhibits the immediate flare reaction to blue 


light in patients with EPP and that this effect persists during conventional treatment with f- 
carotene. Beta-carotene does not provide complete protection against the effects of sun exposure 
in EPP* and evidence of its therapeutic effect remains anecdotal rather than based on controlled 
clinical trials. H, receptor blockade may provide further protection against sunlight in this rare 
photosensitivity disorder. 
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SUMMARY 


The efficacy of orally administered nedocromil sodium, a mast-cell stabilizer, was assessed in 
the treatment of adults with atopic eczema plus food allergy. Twenty adults with atopic eczema 
and allergy to hens’ eggs, cows’ milk or wheat took part in this double-blind, cross-over study of 
nedocromil sodium versus placebo, each treatment period lasting 4 weeks. No significant 
differences were found between the two treatments on clinical assessment, or by measurement of 
total and specific IgE levels. 


Approximately 25% of adults with severe atopic eczema have associated IgE-mediated food 
allergy.! Although in some patients this only causes angioedema, in others it may be associated 
with delayed exacerbation of the eczema over the following 2-24 h. Patients can usually easily 
avoid allergens such as fish or nuts, but those allergic to common foods such as hens’ eggs, cows’ 
milk or wheat may unwittingly be ingesting small amounts in prepared foods such as sauces or 
confectionery. 

The rationale behind the use of orally administered mast-cell stabilizers in atopic eczema 
associated with food allergy is that, by stabilizing the small intestinal mucosal mast cells, 
inflammation precipitated by the presence of an allergen is prevented, and this results in its 
decreased absorption. Previous studies with the mast-cell stabilizer sodium cromoglycate have 
proved disappointing.” Nedocromil sodium has been shown to be markedly more active in vitro 
than sodium cromoglycate in stabilizing mucosal mast cells.? It has been shown, 171 vivo, to be as 
effective as sodium cromoglycate in asthma*’> and in suppressing allergic conjunctivitis when 
instilled into the eye.°® 

In this study we assessed the efficacy of orally administered nedocromil sodium in the 
management of patients with atopic eczema associated with IgE-mediated food allergy. 


METHODS 


Adults between the ages of 16 and 65 years with moderate or severe atopic dermatitis were 
chosen for the study, and all had a history of allergy to the common foods, hens’ eggs, cows’ milk 
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or wheat, confirmed by positive skin-prick test >s mm weal) or by a strongly positive 
radioallergosorbent test (3 or 4). Patients on reguler ora! steroid therapy were excluded. It wasa 
double-blind, placebo-controlled cross-over study lasting 4 months. After a 4-week baseline 
period the patients were randomly assigned to nedexromil sodium 106 mg three times daily or to 
placebo (matching dextrose tablets) for 4 weeks, Ac the end of this period they were switched to 
the alternative treatment. The trial was completed after a 4-week fellow up. Throughout the 
study patients continued on their normal diet whecn was assessed bya dietitian to see whether 
food allergens were totally, partially cr not e»cluced. All patients were monitored at monthly 
intervals using a grading system 0-6 te record the severity ef the eczema, and a modification of 
the rule of nines system was used to fnd the extemt of body involvement. Patients also kept a 
daily diary card to record symptoms cf itching, redness amd weeping of the skin using a 0-10 
linear analogue scale. Topical therapy was standacdized tc betamethasone valerate 0-02”.,, and 
1°, hydrocortisone and the amount used was we ghed fer each 1-month period. Full blood 
counts and tests of renal and hepatic Ainctiom were performed each month to determine any 
drug toxicity. 

The scores were compared for the final 2 weeks of each 4~week period in order to minimize 
any possible carry-over effect. The results were amalysed using a non-parametric analysis for 
cross-over trials and a parametric analysis cf verance with a factor for order, period and 
treatment. 








RESUL Ts 


Twenty patients (six male, 14 female; age range 17-61 years, median 29 years) completed the 
study. Two additional women were enrolled but proceeded no further than their first visit; one 
failed to return and the other became >regnart. 

All patients were food allergic, hens’ eggs being the commonest allergen (16 patients), then 
fish (6), cows’ milk (6), pork (2) and wheat (1°. Dietary assessment demonstrated that six 
patients totally avoided foods to whicn they were known to be allergic, 12 patients partially 
avoided and two did not avoid the allergens. 

Compliance was good with only one patient witikirawing early while on placebo because of 
uncontrolled eczema, and two on redocromil] sodiwm, one because of uncontrolled eczema and 
the other because of persistent diarrhcea. 

Analysis of the clinician’s overall opinion of the severity of the eczema and the body chart 





TABLE 1. Parametric aralysis of scores for body chart symproms 








Meaza score for 


Variable Baseline Secocro@:l Placebo Follow-up Mean (95“, confidence interval) P value 


Overall severity 313 
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scores (Table 1), showed no significant differences between active and placebo treatments. 
Neither the non-parametric analysis nòr the parametric analysis of variance of cross-over data 
showed any significant differences; the latter is presented in Table 1. Period and order effects 
were not statistically significant for any variable. The patient’s preference for treatment was for 
nedocromil sodium in seven cases, placebo in nine and neither in four. The diary card symptom 
scores, topical steroid usage and total and specific IgE levels showed no significant differences 
between active and placebo treatments. No abnormalities were found in laboratory data, and the 
drug was well tolerated apart from one patient who developed persistent diarrhoea, which 
ceased on withdrawal of the drug. 


DISCUSSION ` 


The pathogenesis of atopic eczema is not fully understood, but it seems likely that IgE-mediated 
allergy plays an exacerbating rather than intrinsic role in the disease. Patients with atopic 
eczema and food allergies describe a variety of reactions to food allergens. Immediate 
angioedema and urticaria may be the only symptoms, but this is often associated with a delayed 
aggravation of eczema or increased itching,’ possibly due to late phase leukotriene release. 

As only 3% of nedocromil sodium is absorbed into the bloodstream, the drug ingested orally 
would be expected to have its main effect in preventing inflammation ın the small intestine, 
thereby suppressing absorption of food allergens. This in turn may prevent binding of the 
allergens to IgE on skin mast cells with consequent degranulation of these cells, release of 
inflammatory mediators and exacerbation of the eczema. It has been shown that patients with 
atopic eczema tend to have increased permeability of the small intestine to inert sugar 
molecules.®? We have shown that patients with atopic eczema and proven IgE-mediated food 
allergy have circulating precipitating antibodies (mainly IgG and IgA) to common food 
allergens.'° It has been presumed that such antibodies are formed due to increased absorption of 
foods, as is the case in patients with coeliac disease, who have similar circulating precipitating 
antibodies!’ and increased gut permeability. 

In this study nedocromil sodium administered orally appears to have had no beneficial effects 
in the management of patients with atopic eczema. This was the case both in patients who 
completely avoided incriminated foods, and those who only partially avoided them. This 
suggests that in adults, either allergy to common foods 1s not one of the major factors influencing 
the exacerbation of eczema, or alternatively sufficient allergen absorption may be continuing 
either via the buccal mucosa where the nedocromil has not been dispersed and is therefore not 
active, or via the small intestine because of the failure of the nedocromil to stabilize mucosal 
mast cells. 

In view of the success of ‘topically’ administered preparations to the lung (by inhalation) and 
the eye, it will be of interest to see whether nedocromil sodium applied topically to the skin has 
any effect in suppressing exacerbations of atopic eczema. However, we conclude that oral 
nedocromil sodium has no part to play in the management of atopic eczema in adults. 
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SUMMARY 


Two siblings with poikiloderma, short stature and other abnormalities are described. They were 
originally reported as having Morquio syndrome; subsequently, mucopolysaccharidosis was 
excluded biochemically and they were classified as ‘a newly recognized syndrome of connective 
tissue dysplasia’. It is now clear that their disorder is the Rothmund-Thomson syndrome 
(RTS). 


A brother and sister with poikiloderma, short stature and other musculoskeletal abnormalities 
were found at ages 3 and 6 to have increased urinary excretion of mucopolysaccharides and were 
reported as having Morquio syndrome.’ As teenagers they were reinvestigated because they had 
not developed the expected corneal and spinal changes. There was no longer any evidence of 
mucopolysaccharidosis and their disorder could not be classified.* They were reviewed aged 25 
and 27 when additional abnormalities had developed and the clinical picture was suggestive of 
Rothmund-Thomson syndrome (RTS). 


CASE REPORTS 


Both patients were described in detail during early childhood! and as teenagers,” and were 
presented at a recent dermatological meeting.* 


Patient 1 

This male presented at the age of 3 months with a urinary tract infection, and at 1 year with 
growth retardation, kyphoscoliosis, and telangiectasia and atrophy of the skin of the face and 
distal limbs. During childhood he required surgery for chronic bilateral suppurative otitis 
media. He developed increasing spasticity of the legs with severe talipes of the left foot, 
attributed to his spinal deformity. By the age of 15 he had bilateral iris atrophy. At the age of 21 
hypertension was first noted and 2 years later he developed hypertensive encephalopathy and a 
hemiparesis from which he recovered following control of his blood pressure. At that time 
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FIGURE 1. Patient 1, showing short sta-ure, kyphoscoliesis, genu valzum, equinus deformity and 
poikiloderma on face and extrermutes. 


ophthalmological examination revealed bilatera band keratopathy and anterior and posterior 
cataracts. 

He is now 25 years old and his height is «7 cm and his weight 15 kg (Fig. 1). He is 
proportionately dwarfed except ‘or excessive spinal shortening due to curvature. He has marked 
telangiectasia on the face and the extensor surfaces of the limbs, most marked on the hands, with 
wrinkling of the affected skin. F e is not photosensitive. He has chronic painful hyperkeratotic 
ulcers on the telangiectatic skin, which leave >anctate atrophic sears. There is a café-au-lait 
macule on the left shoulder. He 1as a saddle-nes= (Fig. 2), severe kyphoscoliosis, genu valgum, 
and equinus deformity of the lett foot. Joint mobility is increased at the wrists and fingers, and 
decreased in the shoulders, Enees and elbows, which show fixed flexion. He appears 
hypogonadal with an unbroken voice, little facil hair and no ax llary hair, although the pubic 
hair and external genitalia appear normal. Scalp hair. eyebrows and lashes are normal with no 
greying. The fingernails are poorly developed wath increased lonzitudinal ridging; his teeth are 
normal. 

Ophthalmological examination shows; a visual acuity of 6/36 (right) and 6/24 (left), a grossly 
deficient anterior mesodermal layer of the iris. aumerous sphincter transillumination defects, 
and a left fixed dilated pupil. There are bilaters| nuclear and posterior cortical lens opacities 
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FIGURE 2. Patient 1 showing saddle-nose, sparse facial hair, telangiectasia and punctate scars. 


precluding a clear view of the fundus, which had previously shown retinitis punctata albescens. 
He is of normal intelligence. 


Investigations. At the age of 3, the 24 hour urinary excretion of mucopolysaccharides was 
increased.’ The mucopolysaccharides were not characterized. At the age of 15 there was no 
excess mucopolysacchariduria and tests excluded all the mucopolysaccharidoses, mucolipidoses 
and sphingolipidoses.* Collagen types I, III, and VI in skin were normal (Dr M.Pope, 
Northwick Park Hospital). 

Radiological abnormalities at the age of 157 included dolichocephaly, mid-face hypoplasia, 
gross mid-thoracic kyphoscoliosis, elongated bodies of the lumbar vertebrae with irregular 
concave endplates, some abnormalities of the pelvis, flattening of the capital epiphyses of the 
femora, short femoral necks, undertubulation of the metaphyses of the long bones of the legs 
with longitudinal streaks of sclerosis immediately proximal to the epiphyses, upward 
subluxation of the humoral heads in poorly developed glenoid cavities, shallow olecranon fossae 
with posterior dislocation of the radial heads, and sclerosis of the distal radial metaphyses. 
There was generally delayed skeletal maturation (bone age 8-1 years at chronological age 15 
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years). The endocrine evaluation was normal at age 15 (testosterone 11 nmol/l) but it has not 
been repeated since puberty. 

Blood tests at the age of 15 revealec an elevated ures of 12-2 mmel/]. Other biochemical tests, 
blood count, electrocardiogram and echocardiogram were normal. Investigations 8 years later 
showed chronic renal failure with blood urea 22 mmol/l, creatmine 141 wmol/I, creatinine 
clearance 11 ml/min, 24-h urinary protein excretion o-7 g, and normal C3, C4 and 
immunoglobulins apart from raised IgA of yrr g/l. An ECG showed left ventricular 
hypertrophy; the urine was sterile anc contained mo cells; IVP showed a normal right kidney and 
parenchymal loss and calyceal dilataton at the left upper pole; rencgram showed no renal artery 
stenosis; ultrasound showed no coarctation of the aerta; catecholamine excretion was normal. It 
was concluded that his hypertension was secondary to chronic pyelonephritis. He has a normal 
46XY karyotype with no increase in sister carornatid exchange rate. Urinary amino acids and 
dipeptides are normal! with ne evidence of prolicase deficiency. 








Patient 2 

This fernale developed telangiectasia of the tace and Ambs during her first year. At 14 months 
she was found to have bilateral dislocated hips ard to be underweight. Her problems since then 
have been a short stature, pam ir the hips end elbows, and skin ulcers. Menstruation 
commenced at 15:5 years but was clways sparse and irregular. She was sterilized by tubal 
ligation at age 22. When last examined at age 27 her height was r25 cm and weight 40 kg. All 
parts of her body were reduced proportionately. The skeletal abnormalities were saddle-nose, 
genu valgum, hyperextensible ingers and wrists and reduced mobility of elbows and hips. 
General and neurological examination were normal and she was of average intelligence. She had 
telangiectases on the face, arms, hands anc lower legs, especialy the extensor aspects. The 
affected skin, especially on the backs of the hands, wasfine and wrimkled, and faintly pigmented. 
Scalp hair was fine and body har sparse. The nails were aypotrophic with increased 
longitudinal ridging. Ophthaimelogmal examination revealed a visual acuity of 6/9 in the right 
eye and 6/6 in the left. The cornea was normal, with a diameter cf 10 mm. Schwalbe’s line was 
not unduly prominent, but there was iris atrephy. There were no cataracts. She had tilted discs 
with peripapillary atrophy. 


Investigations. At the age of 6, 24 h urinary excretion of mrucopo ysaccharides was increased,‘ 
but when aged 17 extensive stud.es showed no biochemical abnormality.” Radiological 
abnormalities at the age of 17° were similar tc but milder thar her brother’s and included 
moderate dolichocephaly, mid~tace hypoplasia, and an abnormally straight spine with long 
narrow vertebrae. The pelvis was normal apart Trom acetabular displacement, flattening of both 
femoral heads, and short femoral necks with cosa vara deformities. The glenoid cavities were 
poorly developed and the radial beads deficient amd dislocated backwards. There was sclerosis of 








protracted LHRH response and marzinal impairment of thyroid responses. Other biochemical, 
haematological and immunological tests were normal apart from a raised IgA (7-04 g/l). 
Collagen types I, IH and VI were normal in skiz (Dr M Pope, Northwick Park Hospital). She 
has a normal 46XX karyotype with ro increase is sister chromatic exchange rate. A biopsy of a 
chronic ulcer showed a mixed inflammatory infiltrate in the derms, some regenerative activity, 
and acanthosis and hyperkeratwsis of the surreund:ng epiderm.s. Urinary amino acids and 
‘idocrine evaluation at age 27 
showed normal basal prolactin, LH and FSH levels, but a low oestrogen and impaired LH 
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response to LHRH. Twenty-four hour urinary cortisol excretion was low although the 09.00 
level was normal. Free thyroxine index was 18-8 (normal 21-36) and T4 level 67 nmol/l (normal 
63-131 nmol/l), while TSH was 6-6 mU/1 (normally less than 6-0 mU/)). 


Family history 
These two siblings are the only affected family members, with a normal older sister and no 
history of consanguinity. 


DISCUSSION 


The abnormalities found in these patients have previously been reported in Rothmund-— 
Thomson syndrome (RTS), a rare autosomal recessive disorder, of which 119 other cases are 
reported in the literature. Several individual patients with RTS have been reported by different 
specialists at different times,* and these 119 cases are derived from some 140 separate case 
reports. %62 

The characteristic poikiloderma is never congenital but develops in the first year of life, 
particularly affecting the cheeks and extensor surfaces of the hands, forearms and legs. The 
affected skin is soft and pliable, an impression which contributed to the earlier diagnoses of 
Morquio syndrome and connective tissue disorder. Multiple discrete round scars, and 
persistent infection under a hyperkeratotic crust are well described,'! but recurrent ulceration 
has not previously been reported. Hyperkeratotic lesions on the extremities become more 
frequent with age, occurring in 13% of patients under 12 years and 27% of patients aged 12 
years or more. Low blood concentrations of vitamin A have been found ın patients with 
dyskeratoses,’ and in one case the lesions improved with retinoids.°° The hyperkeratotic lesions 
may undergo Bowenoid change®°:*® and are considered premalignant.°° However, there are 
only four reports of squamous carcinoma of the skin in RTS‘®*!!-** and it is not certain that 
these all developed in pre-existing verrucous lesions. 

Photosensitivity, reported in 17 patients, is more common in early childhood a and usually 
resolves, 3? as in our patients, although Berg et al.5°? described a 25-year-old woman with 
photosensitivity clinically to sunlight and experimentally to UVA. 

The nail dystrophy reported in 20 out of 120 patients is most commonly hypertrophy and 
slow growth as in our patients,'°-11:17-18.22.28.40 bit onycholysis*? and nail hypertrophy*?° 
have also been described. A wide variety of dental anomalies is reported.?*:*? Fifty-seven 
reported cases had sparse hair, affecting the scalp in 42 and eyebrows and lashes in 41. 
Frequently, facial, axillary and pubic hair is reduced, and biopsies of poikilodermatous skin 
show reduction in all appendages. 

Cataract occurred in 48 cases, developing rapidly and bilaterally, before 7 years of age in 90% 
of cases, but sometimes as late as the third decade, as in our patient. Two siblings?’ had unusual 
eye changes remarkably similar to those of our patients, in particular atrophy of the anterior 
mesodermal layer and sphincter of the iris (Rieger’s anomaly), a peripapillary crescent of 
chorioretinal atrophy, and tilted disc. Another patient had retinitis punctata albescens.*® 

Of the skeletal abnormalities, our patients have the saddle-nose reported in 14 previous cases, 
but not the severe shortening or absence of forearm or hand bones reported in 10 cases, or thumb 
hypoplasia described in 11 cases. Our patients have widespread bony abnormalities affecting 
joints, with subluxation of the head of the radius, humerus and femur, limiting joint movement. 
Limited elbow extension occurred in six other patients,'?:1634:37-:5? with an abnormal radial 
head in at least four, and two patients had subluxed knees.7>**° There is little evidence that the 


joint contractures reported in RTS are due to soft-tissue contracture’* rather than bony 
abnormality. The severe kyphoscolvesis in patient 1 also contributed to the diagnosis of 
Morquio syndrome! but has been repor-ed in two patients with 8 Be 

Metaphyseal chondrodysplasia, sclerosis and uz dertubulation of long bones are common in 
RTS 10:34-41.45.46.53 and the striking linear scleres:s affecting the femoral and tibial metaphyses 
illustrated by Kirkham and Werner® is similar to the changes in our patients.” This 
metaphyseal dysplasia may contribute to the characteristic short stature, and to the develop- 
ment of osteosarcoma (OS), which has new been reported in five patients with RTS: arising in 
the distal thigh of a 19-year-old bey, ' * the proximal tibial metaphysis ofa 19-year-old boy,°! the 
lower tibia of a §-year-old girl,*® * the proximal hia of a 13-year-eld boy,*! and the tibia of an 
t1-year-old boy.** A fibrosarcorna developed im the lower humerus of a 32-year-old man.*° 
Two of these patients had pre-existing metaphyseal chondrodysplasia,**-*° two had abnormal 
trabeculation of the long bones,' °-*! and of the two patients not previously X-rayed one had a 
sibling with RTS and metaphyseal dysplasia." The association of CS with RTS has now been 
reported more often than would be expected by chance. Patients with RTS are considered 
cancer-prone,*° and Smith et al 3 found reducec IDNA repair of hypoxic j-irradiation damage 
in fibroblasts in two patients. However. there :s mo general increase in malignancy in RTS: 
gastric?” and basal cell carcinoma”? have occurred, but OS end squamous carcinoma of the skin 
are the only cancers reported more than once. Both tumours represent an occasional 
development in a tissue commonly dyspiastic in RTS. 

The extreme hypermobility cf the fingers and wrists found in our patients previously 
suggested diagnoses of Morquio syndrome,’ and somnective tissue dysplasia.” However, similar 
joint hypermobility affecting the hands has been -eported :n brothers aged 2 and 1 with RTS 
and bluish sclerae.! 18 The bone dysplasia mentioned above might also represent a collagen 
abnormality. Osteogenesis imperecta has been diagnosed im two patients with RTS,'>:7° anda 
further four patients had multiple or pathclogical fractures, t7 +534 which, like the joint 
hypermobility and the skin changes, have been pre dominanzly acral m distribution. Fibroblasts 
from our patients produced normal types I, IH ane VI ecilagen, but clearly collagen studies 
should be pursued in this disorder. 

Hypogonadism has been reported in 25 of the 59 patiemts aged 12 or over. In two, raised 
gonadotrophins suggested primary gonadal failure,**°! while in ro low or normal gonadotro- 
phins!®-?5:28:29:48 or a small sella’ ™ 57 suggest a primary pituitary defect. Pituitary dysfunction 
has also been suggested as an expianatior for the resemblance between the dental abnormalities 
in RTS and those of panhvypepitudtarism and hypophrsectomized laboratory animals.°* 
Furthermore, in the 59 adult patients, saddle-cose occurred in 10 out of 25 hypogonadal 
patients but in none cut of 34 endecrinologically normal patients: thus, go", of patients who will 
remain sexually undeveloped car: be recognizec m childhced by the presence of saddle-nose. 
This is consistent with Kaufman’s suggestiorof a jocal maldevelopment affecting both mid-face 
and pituitary, based on an 11-year-old girl with ITS, growth hormone deficiency and saddle- 
nose.°© The iris anomaly of Rieger, found in eur patients and three others with saddle-nose and 
hypogonadotrophic hypogonadism***? may have the same basis, being independently linked 
with mid-face hypoplasia (Rieger syndrome), growth hormone deficiency®* and short stature 
(SHORT syndrome*®). 

Hypertension was reported in three girls with RTS?°-*’ and in ene,*’ renal biopsy showed 
calcified nodules in the endothelial cells of arteries. Renal biopsy was not done in our patient 
with hypertension but it seems lixely that his hy “ertension results from chronic pyelonephritis 
unrelated to RTS. 
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Deafness due to middle-ear disease has been described in three other patients with 
RTS!!:53-58 but is probably common enough for this to be a chance association. A history of 
chronic infection in the ears, renal tract and skin prompted immunological investigations, but 
no abnormality was identified on routine testing. Haneke found impaired cell-mediated 
immunity in a patient with RTS*® but there is nothing else to suggest an associated immune 
defect. 

The pathogenesis of RTS is unknown. Inheritance is autosomal recessive? with an 
unexplained female predominance of 1:4:1. There is as yet no clue to the underlying genetic 
abnormality or its localisation. 

Our patients were originally diagnosed as having Morquio syndrome on the basis of the spinal 
abnormality, lax skin and joints, and mucopolysacchariduria. The diagnosis was not confirmed 
biochemically by identifying the mucopolysaccharide as keratan sulphate, and was later 
excluded. The early finding of mucopolysacchariduria could have been erroneous as the 
method then used is difficult to quantify and there is little difference between the normal and 
abnormal ranges.°®'°’ Furthermore, with urinary tract infection urinary muceprotein can give a 
false positive result.°’ However, urinary mucopolysaccharide is elevated non-specifically in 
many degenerative disorders due to increased tissue turnover. Because the atrophic skin and 
juvenile cataracts of RTS suggest that this may be a degenerative disorder, Tokunaga®® looked 
for, and found, raised mucopolysaccharide in a patient with RTS. We do not know which of 
these mechanisms explains the transient mucopolysacchariduria in our patients. 

Over the years, the syndrome has become more clearly delineated in the literature. However, 
the cardinal feature remains the poikiloderma arising in infancy: ironically Poikiloderma of 
Thomson was the first clinical diagnosis recorded in the patients’ case notes, before biochemical 
tests obscured the picture. The association of cutaneous telangiectasia and atrophy with 
Morquio syndrome has unfortunately become enshrined in the dermatological literature,°” as a 
result of the earlier case report. 
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SUMMARY 


A 49-year-old man developed a widespread vesiculo-bullous form of Darier’s disease following 
surgical drainage of a submandibular abscess. 


CASE REPORT 


A 49-year-old man with Darier’s disease presented with a 2-day history of fever, dysphagia and a 
tender facial swelling. His only medication was etretinate (Tigason®) 50 mg daily. Examination 
revealed a right submandibular abscess. He was treated with dexamethasone to reduce the 
swelling, intravenous antibiotics were given and the abscess was drained. Post-operatively his 
condition improved and dexamethasone therapy was discontinued after 24 h. 

Erythema and swelling of the hands and forearms were noted 48 h post-operatively and by the 
following day a papular rash had developed on the trunk. The antibiotic therapy was stopped 
but the fever recurred and tense blisters containing golden-yellow fluid developed on the hands 
and wrists (Fig. 1). The signs were consistent with Darier’s disease with secondary infection of 
lesions on the hands. Intravenous antibiotics were reintroduced. Over the next 48 h the patient 
became erythrodermic. Vesiculo-bullous lesions appeared on the previously normal skin of the 
trunk (Fig. 2) and the Nikolsky’s sign was positive. There were no mucosal lesions. Maceration 
and friction led to the loss of sheets of epidermis. The patient became oedematous and 
increasingly unwell. 


Investigations 

Staphylococcus aureus was cultured from the submandibular abscess and from the blisters on the 
hands. No bacteria were isolated from blood cultures and no viruses or bacteria were isolated 
from the vesicles. The serum albumin was low, being 26 g/l. 

The roof of an intact vesicle on the trunk was removed and frozen for rapid processing and this 
contained occasional dyskeratotic and acantholytic cells, but no basal cells were present. An 
excisional skin biopsy of vesicular lesions on the trunk confirmed that blistering was secondary 
to Darier’s disease. There was suprabasal clefting with intraepidermal vesiculation, dyskerato- 
sis and acantholysis (Fig. 3). 
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FIGURE 1. Tense blisters filled with gokien fluid oreseat on the hamds and wrsts. Staphylococcus aureus 
was cultured from the blister fluid 





FIGURE 2. Vesiculo-bullous lesion: and widespread ery hema on the previously normal skin of the trunk. 
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FIGURE 3. Biopsy from a vesicle. Vesiculation 1s secondary to Darier’s disease. There is dyskeratosis, 
acantholysis and suprabasal clefting forming an intraepidermal vesicle. (Haematoxylin and eosin, x 400.) 













Management 
The care of the large areas of eroded skin became increasingly difficult and the patient was 
transferred to the Intensive Care Unit where he was nursed on a Clinitron bed (Systems 
Support Int., Medical Services Ltd, Finch Close, Nottingham, U.K.). The eroded skin was 
dressed with 10°, povidone iodine ointment under paraffin tulle gras. The hypoproteinaemia 
was treated with intravenous albumin with the resolution of the oedema and treatment with 
flucloxacillin 500 mg q.d.s., gentamicin 80 mg t.d.s. and etretinate 50 mg daily was continued. 
Following a febrile episode associated with profuse sweating more skin was lost from the 
shoulders and back. Clobetasol propionate 0:05°,, ointment was applied to the inflamed and 
eroded areas. The patient gradually recovered and was discharged from hospital 4 weeks after 
admission. 


DISCUSSION 


Darier’s disease is a dominantly inherited disorder of keratinization. Typically the disease 
presents around puberty with hyperkeratotic papules, which may coalesce to form verrucous 
areas especially involving the flexures. The histological features include suprabasal clefting, 
lacuna formation, acantholysis and dyskeratosis.' Darier’s disease has similar clinicopathologi- 
cal features to Hailey-Hailey disease (benign familial pemphigus), with which it may be 
confused. ?? Although there are descriptions of the two diseases occurring simultaneously, 23 | 
is possible that many of these cases had bullous Darier’s disease. Family studies and histological 
observations suggest that the diseases are separate entities.* Discrete vesicular lesions, caused 
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by enlargement of the intraepidermal lacunae, r Ey eccur in Darier’s disease and blistering may 
be precipitated by factors such as a high hemidity, ultraviolet radiation, surgery or physical 
stress.** Widespread vesiculatien or bullous lesions are unusual in the absence of cutaneous 
bacterial or viral infections. The combination of systemic bacterial infection, surgery, pyrexia, 
sweating and stress may have triggered the olistering seen in our case. 

The differential diagnosis of such rapidly Progressive vesiculation in Darier’s disease includes 
cutaneous viral infection, both herpes simplex and herpes zoster, bacterial infection, the 
staphylococcal scalded skin syndrome ‘SSSS) and drug-induced toxic epidermal necrolysis 
(TEN). A skin biopsy is essential but an early diagnosis can be established by the examination of 
a frozen section of a blister roef. Ir is possible to differentiate TEN, in which the roof is 
composed of a necrotic full-thickness epidermis and SSSS, where the split is through or just 
below the granular layer, from Darier’s disease. Bacterial and viral cultures must be performed 
or viruses may be detected by electron TMUCTOSEQDY. 

Paradoxically etretinate, the retincid used to west Darier’s disease, may in our patient have 
predisposed him to the widespread cutaneeus loss. In vitro studies show that the retinoids 
inhibit desmosome production and isterfere with cell adhesion® and in vivo systemic retinoids 
induce desquamation and skin fragility.’ Although patients taking oral retinoids rarely develop 
blisters, cutaneous erosions are common in those treated with etretinate.* Studies have 
demonstrated attenuation and loesening of the stratum corneum as well as loss of desmosomes.” 
In our patient, etretinate may have contributed te the formation of bullous lesions and the skin 
fragility. 
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Obituary 


Professor George Findlay 


George Findlay passed away in November 1989. For many of us who knew him well, this marked the end of 
an era in which he dominated dermatology in South Africa, established an international reputation as an 
original thinker and researcher, and pursued a variety of interests with unflagging enthusiasm and skill. 
Even s30, he spent much good time with his beloved family, and never neglected bis frends and those for 
whom he cared. With so much to do, he was protective of his ume, and wasted very little of it. He endured 
his long illness with optimism and courage, and only abandoned his medical practice a month or so before 
he died. He never allowed his many interests to interfere with his work, so his lifestyle meant business as 
usual until the end. 

George was an extraordinarily interesting man. His inquiring mind and thirst for knowledge brought 
him four distinctions when he matriculated at Pretoria Boys High in 1939. He graduated in medicine with 
honours at the University of Wirwatersrand in Johannesburg in 1946, having acquired a B.Sc. Honours in 
Zoology on the way. He specialized in dermatology under James Marshall, and gained his M.D. degree by 
thesis from the University of Pretoria in 1951. He then went overseas to gain further experience. An Eli 
Lilly Fellowship brought him to the University of Chicago in 1953. Here he was involved in Stephen 
Rothman’s final preparations for his textbook on physiology of the skin, and also worked in 
dermatopathology with George Gomori, for whom he had a lasting admiration. He went to Duke 
University to acquire a certificate in medical mycology under the direction of Norman Conant during his 
stay in the U.S.A. Britain and Europe were to become happy hunting grounds for George, and his 
dermatological travels were enhanced by his ability to speak French, German, and Dutch. 

He returned to Pretoria in the mid-19508 to pursue a career as academic teacher, researcher, and clinical 
dermatologist, which was to last 35 years. He had already published scientific papers as a medical student 
and later as a registrar, but the flow of publications was to intensify and continue. His final tally was three 
books, 15 book chapters, and some 150 scientific articles, not to mention review articles, editorials, and 
book reviews. The wide range of subjects he wrote about reflected bis interest in zoology, botany, 
anthropology, and palaeontology, in addition to dermatology. His publications led to the award of the 
D.Sc. degree by the University of Witwatersrand, his Alma Mater, in 1961. George was appointed Head of 
the Section of Dermatology at the University of Pretoria in 1956, when he was 32 years old, and he held that 
post until his retirement in 1988. In 1966 he was appointed to a personal chair, the first professorial 
appomtment in dermatology in South Africa, a signal honour for a university part-timer ın those days. 
During his tenure, he fully trained 13 dermatologists, and four others completed part of their registrarships 
with him. 

_ His researches led him to a lasting association with the Council of Scientific and Industrial Research 
when he became Director of its Photobiology Research Group when it was founded in 1959. This 
association lasted until 1989, when the group became incorporated into the Research Institute for 
Environmental Disease. George spent his mornings there ın research, following his reurement from the 
university. His expertise in photobiology brought him international recognition, and he served as Vice- 
President of the ‘Comité International de Photobiologie’ from 1964-8. His researches in other fields, and 
his ability as a lecturer, added to his reputation. He delivered the Prosser White Oration at the Royal 
College of Physicians in 1967. He was visiting professor at the University of London in 1970 and 1972. He 
was elected to honorary life membership of the South African, British, American, French, Netherlands, 
and Israeli Dermatological Societies. He became a life member of the Royal Society of South Africa, the 
Royal Society of Medicine, and the American Society for Investigative Dermatology. His untimely death 
prevented him from lecturing ın Belgium and Edinburgh in late 1989, and from delivering the Centenary 
Dowling Oration in London in 1991. 

With all of this, George was a superb clinician. He learned a lot from others, both in South Africa and 
overseas, but a lot of what he knew was self-taught, based on his own reading, observations, and analytical 
skillz. He was always ready to exchange observations and ideas with his staff, and with colleagues, notably 
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L.J.A. (Alfonse) Loewenthal in the early days, and lever on his close friend, F.P. (Fred) Scott. Clinical 
dermatology was an essential part ef his entire professional life. His large private practice and his many 
hospital clinics and ward-rounds provided him with è wmigue clinical experience and perspective. He was a 
consultant’s consultant and his opinion was scught oy many with apparently insoluble dermatological 
problems, and few were disappointed. 

George set himself high professtenal standards ane rigidly adhered to them. He expected those who 
worked with him to do the same. A dermetologica! traming with George Findlay was not to be undertaken 
lightly. He expected a total commicmera from a tramee, and he did not-suffer fools gladly. This was 
overpowering for some, but for others who displayed exthusiasm., initiative, and a desire to learn, it opened 
the door to an educational experience of extraordinary depth. Fortunately tis iron will and determination 
for excellence were tempered by his snpich sense ef humour, which could turn so many activities into fun. 
He had a wide appreciation of classical music, literature, art, goed wine, and good company, and was a 
pianist of no mean repute. He was an excellent raconteur and his reminiscences were apt and rarely dull, 
George’s enthusiasm was contagious, and his inquiring mind stanulated those around him to use theirs. 
His was a powerful infiuence, and forsome, I know, itheought out the best iwthem, and was a turning point 
in their professional lives. George himself owed a great deal to twe people who had a profound influence on 
him. The first was Robert Broom, a physician and:farmcus:palaeontologist, whom George got to know and 
admire in his student days. He was impressed by a men who mace his hymg from medical practice but 
spent his spare time in the scientific research that he kered. The second was4G.B. Dowling, that master of 
clinical dermatology, who was te become role model. friend, and ‘Uncle Geoffrey’ to George. Others 
influenced him, but these two helped to shape his hie 

George’s main support for his last 32 years was his wile, Paula, a constamt source of love and serenity. 
Their five children and two grandchiidren provided the background of affection and encouragement which 
allowed him to pursue his varied interests. His children chose mot to compete with him and are happily 
engaged in different professions. It is clear, however, that the tamily tradition of original thought will 
continue, as he would have wished. Let us all remember George Findlay——there are not many like him in 
this life. 
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Requiem for toxic epidermal necrolysis 


Sir, Toxic epidermal necrolysis (TEN)! has come to the end of its useful life and should be abandoned, 
because what I thought was a single entity of ‘scalded skin’ has turned out to be three separate diseases. 
Of the four cases studied (see ref. 1), one (case 4) was a severe drug eruption, with features of erythema 
multiforme, attributed to phenylbutazone. Another (case 3) was an example of what came to be called the 
staphylococcal scalded skin syndrome. The other two did not fit these diagnoses. They gave no drug 
history, their uniform eruptions were unlike erythema muluforme, and both had repeated attacks. 

Their probable diagnosis came to me through Kirsti Kauppinen’s bold challenge experiment.* She gave 
substantial doses of the suspected drug to patents who had recovered from severe muco-cutancous bullous 
drug eruptions. Patients with ‘Lyell’s syndrome’ and ‘Stevens-Johnson syndrome’ behaved completely 
differently from those with generalized bullous fixed drug eruption (GBFDE). The former could 
sometimes be provoked, but only within the first 4 months. The reactions that occurred were usually mild, 
and never as severe as the original eruptions. In contrast, all panents with GBFDE reacted fully, and 
without time limit. There can be little doubt that cases 1 and 2 had GBFDE, because of their uniform 
eruptions and recurrences. The negative drug histories are not significant since it 18 notorious that the 
causative drug can be difficult to identify in fixed eruptions. Case 1 probably knew of and exploited a drug 
sensitivity. 

A name other than the already compromised TEN, Stevens-Johnson syndrome or erythema multiforme 
major is necessary to describe patients such as in case 4. I suggest ‘exanthematic necrolysis’, which conveys 
the sudden outbreak of a widespread eruption and the prostration, and also provides a restrained echo of its 
now discredited parent, TEN. I prefer exanthematic necrolysis to Ruiz~Maldonado’s ‘acute disseminated 
epidermal necrosis’ because it is briefer and crisper, and also because the GBFDE has been excluded. 
However, I agree with him that it is a waste of effort to try and distinguish between what were known as 
TEN and the Stevens-Jobhnson syndrome, since they represent aspects of the same spectrum of reaction. 

While there are clinical and probably histopathological differences between exanthematic necrolysis and 
GBFDE (for example more severe mucosal lesions, a multiform eruption and higher mortality in the 
former), they are not so definite as to make the distinction possible in every case. However, using modern 
techniques to unravel the mechanism of the fixed eruption, the distinction between them could be 
determined. It is almost certain that the mechaniams differ: a temporary state exists in exanthematic 
necrolysis during which a drug can provoke the reaction (not necessarily by an immune mechanism), 
whereas it seems as 1f in GBFDE parts of the skin become, and remain, truly sensitized to a drug. Reactive 
areas could be compared with non-reactive ones, and there is an anima! model available.* Although there is 
no model for exanthematic necrolysis, investigation of the co-factor or co-factors (which are believed to 
include upper respiratory tract infecnons) would be possible. 

An important corollary of this view of exanthematic necrolysis 1s that suspected drugs should be avoided 
in acute infections—apecifically, that non-steroidal anti-inflammatory drugs (NSAIDs) must not be used 
to combat the febrile symptoms of ‘influenza’. The need for a co-factor could explain the notably low 
incidence of exanthematic necrolysis compared with the heavy usage of the suspected drugs. The rare and 
serious Reye’s syndrome, believed to be caused by giving the commonly prescribed drug aspirin to 
children with acute viral infections, is analagous. The hypothesis that Reye’s syndrome is due to` 
augmented release of tumour necrosis factor from macrophages under the influence of NSAIDs,° could 
have a bearing on the mechanism of exanthematic necrolysis. 

The demise of TEN need occasion no regret; but perhaps it might be noted in passing that its existence 
contributed to our knowledge of staphylococcal epidermolysins, that it engendered the concept of 
exanthematic necrolysis, and that it points to the fired eruption as a worthwhile subject for research. 


Craigallion, A.LYBLL 
Skelmorlie, s 
Ayrshire PA1r7 SDT, U.K. 
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Neuropeptide-like immunoreactivity in skin !<siors of atopic dermatitis and psoriasis 


SIR, Several neuropeptides (NP) have been found in nerve fibres of nermal human skin using 
immunohistochemical as well as radioimmunological tectiniques,’ In peripheral tissues they are thought to 
be the main mediators of neurogenic inflammatioa, which can be involved in the pathogenesis of some 
inflammatory dermatoses.* We would like to report our sbserzations on the immunohistochemical pattern 
of several NP immunoreactivities in the lesions of atop.c dermatitis (AD) and psoriasis. 

Skin biopsies were taken from les:onal lichenified stin (from the flexor surface of the elbows) of 11 
patients with AD and from lesional sxin of 10 patients with chronic plaque psoriasis. Biopsies were also 
taken, as controls, from the same areas of six healthy volunteers, from the uminvolved skin of eight patients 
with psoriasis and from two subjects with prurigo lesions. Frozen sections were processed using an indirect 
immunofluorescence method (biotin-streptavidin system? to evaluate the distribution pattern of eight NP 
(substance P, calcitonin gene-related peptide, neurotensin, vasoactive intestinal polypeptide, neurokinin 
A, galanin, neuropeptide Y, somatostatin). 

We found that substance P-like iramunoreactivity was invensely expressed around the vessels in the 
superficial dermis of AD patients. but not in the normal cerntrols. The number of somatostatin 
immunoreactive free nerve endings in the dermis was slightly increased in controls as compared to 
involved atopic skin. NPY-like immunoreactivity was detected within dendritic epidermal! cells in six out 
of 11 patients with AD. There was so difference in the occurrence of the remaining NF in atopic and 
healthy subjects. These results seem 20 confirm our previous data concerr.myg a possible role of NP in the 
pathogenesis of AD, which was indicated by the altered «in reactivity to intradermally injected NP in AD 
patients.’ 

In psoriatic patients the immunoreactivity pattern ef -he NP in lesional skin did not significantly differ 
from that in lesion-free skin nor from that in healthy contrcls. These deta are in agreement with those 
reported by others.*5 Naukkarinen er al? using merehometric quantitative techniques have recently 
shown an increase of substance P-containing nerves in the epicerms of lesions of psoriasis. Further studies 
will be necessary to evaluate the sole for peptidere:c mediators in these and other inflammatory 





dermatoses. 
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Fluconazole in the treatment of refractory oral candidiasis 
and tinea pedis in an elderly patient 


Sir, A case is reported of fungal infections of the mouth and skin which, having proved resistant to all 
available topical and systemic antifungal agents, responded to the new antifungal drug fluconazole. 

A 79-year-old woman with hypothyroidism and rheumatoid arthritis presented with a fungal infection 
of the left foot and calf. Her main complaint was of a severe burning sensation of the tongue which 
restricted her to having a bland diet for over 2 years. Culture of the furred tongue produced an abundant 
growth of Candida albicans, and culture of the lesions on the leg yielded Trichophyton rubrum, with a mean 
inhibitory concentration of 1-o ug/ml for griseofulvin and 2-0 ug/ml for ketoconazole. Over the next 11 
months her leg and foot were treated topically in turn with clotrimazole, miconazole, econazole, 
Castellani’s paint and bifonazole. For the first 4 months micronized griseofulvin, 0-5 g was given daily and 
for the following 2 months, ketoconazole 200 mg daily in conjunction with the topical treatment. The only 
drug that produced a slight improvement of the symptoms was bifonazole. The oral candidiasis was treated 
with amphotericin B lozenges, 10 mg four times daily, for periods of 2 weeks at a time and this, to some 
extent, relieved the burning sensation of the tongue. We then obtained a supply of fluconazole, a new bis- 
triazole agent, with the approval of the Norwegian National Board of Health and this was given orally ina 
dose of 100 mg/day for 8 weeks followed by 50 mg/day for a further 8 weeks. After 4 weeks, all her 
symptoms and signs had cleared, and after 7 weeks the symptoms of her oral candidiasis had also 
disappeared. 

Three weeks after discontinuing fluconazole the candidiasis relapsed and amphotericin B lozenges were 
again administered for 3 weeks, but without relieving the burning sensation of the tongue. Fluconazole was 
reintroduced at a dose of 50 mg/day for 4 weeks and the patient became symptom free before the end of the 
course. Fluconazole maintenance therapy was then initiated at a dose of 150 mg once a week and has since 
been continued for 23 months without any further relapse of the fungal infection. 

Skin scrapings from the calf and foot became negative for fungi on microscopy and culture during the 
first 2 months of treatment with oral fluconazole. The oral cavity has however remained culture positive for 
C. albicans, although the oral load of the fungus has been markedly reduced and the patient is symptom 
free. Regular routine haematology and tests of hepatic and renal function have revealed no abnormalities. 
We propose to continue indefinitely with prophylactic oral fluconazole, 150 mg once weekly, since this 
antifungal agent appears to be effective and well-tolerated. 


Fjordgaten 49, E. HANSEN 
N-7o10 Trondheim, 
Norway 


A transient bullous eruption associated with adenovirus infection in a child 


Sir, We wish to report a child who, in 1976, developed a transient bullous eruption associated with 
adenovirus infection. Recent advances in virology suggest that this case may now have more general 
significance. 

In mid-March 1976, a 4-year-old boy was seen with blistering of the skin on his back, genitalia and legs 
and with a few lesions on his shoulders and ears. The blisters varied in size from several millimetres up to 
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i cm and contained clear fluid. There were ne mmeosa! sions and the child was otherwise healthy. New 
lesions developed in groups on erythematous skin acd in crops over succeeding days. No systemic 
treatment was given and the condition resolved after 3rmenths. There has been no recurrence to date. One 
month before admission he had beer unwell with headache, nausea and abdominal pain but no bowel 
upset. He had received at that time a 10-day course of oo-trimoxazele. His full blood count and the serum 
immunoglobulins were normal. The blister fluid was examined by electron microscopy for viral particles 
with a negative result and there was ne evidence of bacteria in the blister fluid either by Gram ’s stain or on 
culture. The histopathology was of a subepidermal bulla containing fibrin and with numerous neutrophils 
and a few eosinophils. Direct immmumoflucrescence of the biopsy was negative for immunoglobulins but 
there was a patchy distribution of complement and fibrin at the basement membrane. The complement 
fixation titre for adenovirus on I Apel 1976 was [216 rising to 1:256 by 28 April 1976. 

It has been recognized that patients with bullous disorders, including that of chronic bullous disease of 
childhood, may have a prodromal ilimess' and an onfect:ve factor has been suggested.* Chronic bullous 
dermatosis of childhood is characterized ty the presence of linear IgA depesits at the dermo-epidermal 
junction? and there are a number of other distinctive buteus disorders occurring in children.* Adenovirus 
infections are common and self limiting? In recent years adenovirus has been implicated in the 
pathogenesis of coeliac disease® and s sequence homology between A-ghadim and a structural protein of 
adenovirus has been reported.’ It would be of interesi 2 know if other centres have found an association 
between the occurrence of adenovirus infection. and the development of chronic blistering dermatoses in 
children. 
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Deliberste self-peisonirg with isotretinoin 





Sir, Isotretinoin is now a well-established treatmem for severe cystic and conglobate acne which has failed 
to respond to other therapies. To date there are only twe recorded cases of acute isotretinoin poisoning in 
the literature. ? In neither case were significant cliniesl er laboratory abnormalities detected; but the 
patients did not present until 2 and 5 days followiag ingestion of isotretinom. 

I report a further case of deliberate seli-poisoning with isotretinoin by a 15-year-old, 54 kg, female 
patient. She had severe acne which had fated to respond to either erythromycin or cyproterone acetate. 
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Isotretinoin was started at a dose of 50 mg/day after baseline tests for liver function and fasting serum lipids 
had been carried out. Two months later she ingested a total of 350 mg isotretinoin following an argument at 
home and presented to the casualty department some 1 5 h later where gastric lavage was performed. 

She had attended the clinic for routine follow-up earlier the same day and the results of the liver function 
tests and fasting serum lipids were available for comparison with those obtained following her self- 
poisoning with isotretinoin. All these had been normal and over the following 4 weeks her full blood count, 
liver function tests, clotting screen and fasting serum lipids showed no significant abnormalities. She was 
followed-up for a total of 5 months and her only complaint was that of vague abdominal discomfort 48 h 
after the ingestion which resolved spontaneously, In particular she had no headache or nausea and there 
was no evidence of papilloedema, hepatic tenderness or dry skin. She had no further treatment with 
isotretinoin. 

It was not possible to determine the amount of isotretinoin absorbed into the circulation in this case 
because the serum must be protected from light and stored at — 20°C prior to assay. Serum taken 7 and 20 
days following the ingestion was analysed by F.Hoffman-—La Roche and Co. Ltd, Basle, and showed only 
insignificant levels of isotretinoin but 5 ng/ml and 2 ng/ml respectively of Ro2z2-6595, the 4-oxo 
metabolite. The average half-life of isotretinoin ın the circulanon 1s 23 h therefore levels of this order 
would be consistent with a significant overdose. However, levels of this order have been detected in 
patients not taking oral retinoids, as a consequence of endogenous retinoic acid metabolism (Dr C.Brindley 
and Dr R.Green, personal communication). 

As isotretinoin treatment becomes more common the number of episodes of self-poisoning will 
inevitably increase. It is, therefore, reassuring that no significant abnormalities have been detected in this 
or the other two reported cases. 


Department of Dermatology, N.C.HEPBURN 
Cambridge Military Hospital, 

Aldershot, 

Hants GUir 2AN, U.K. 
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Lichen planus—like eruption and nail changes in a patient with 
graft~versus-hoet disease 


Sir, Nail changes as a manifestation of graft-versus-host disease (GVHD) following bone-marrow 
transplants are identical ın some cases to those seen in typical lichen planus with fluting and 
onychatrophy.' We describe a man who developed scarring nail changes with skin and mouth involvement 
ın association with chronic GVHD. 

A 40-year-old man presented with mouth ulcers, lethargy and generalized aches in 1986 and was 
diagnosed as having a myelodysplastic disorder. Six months later, June 1987, he developed acute myeloid 
leukaemia, which was treated with chemotherapy with remission, He was later given an HLA-matched 
allogeneic bone-marrow transplant from his brother and 1 week afterwards the patient developed a mild, 
scaly, maculopapular rash on his trunk and mouth ulceration, and acute graft-versus-host disease was 
diagnosed, He was treated with prednisolone and cyclosporin. Two months after the transplant, in 
November 1987, his rash and mouth ulceration had cleared, but at this time he developed a pneumonitis 
and mildly abnormal liver function teats that subsequently improved. Cyclosporin was continued untl 
February 1988 and prednisolone until June 1988. In August, his skin rash reappeared and prednisolone 
was restarted. Thalidomide was added in October as the rash had persisted. A skin biopsy taken from his 
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trunk at this ume showed vacuolar degeneration of Sie basa! cell layer of the epidermis, pigmentary 
incontinence and a mild dermal lymphocytic nfiltrate ith a perivascular tendency and a few eosinophilic 
bodies. These changes were characteristic of the liches planus-like eruption in chronic GVHD (Fig. 1). 

In November 1988, his finger-nails started to grow abnormally and gradually became dystrophic ( Fig. 2) 
and by January 1989 his toe-nails became similarly affected. There appeared to be destruction of the nail 
matrices. At this time there were poikilodermatous charges with pigmentation and sclerosis of the skin on 
the trunk. The histology of a nail matriz was non-sp-cific and showed an atrophic epidermis with an 
increased amount of dermal collagen. 

GVHD complicates about 70", of allogeneic bone-marrow transplants Gespite the use of HLA-matched 
sibling donors, and the administration of immunosuppressive agents.” The main targets of GVHD are the 
skin, the gastrointestinal tract and the live-. Skin involvement is present in all patients with GVHD. Acute 
GVHD develops within 2-3 months with a maculopapwar rash, diarrhoea and liver involvement. Chronic 
GVHD develops in 10°, of all patients un dergoing allogeneic bene-marrow transplants? and may develop 
de novo, a gradual progression from acute GVHD. or following resolution of acute GVHD as in our patient, 

Saurat et al.* described 10 cases of lichen planus-liee eruption following 34 bone-marrow transplan- 
tations. It only occurred after the persistent chronic paase of GVHD and in all cases there was mouth 
involvement. A particularly disabling type of chronic generalized GVHD, demonstrated in our patient, is 
the late phase which develops after a year and in which there is severe poikiloderma with widespread 
cutaneous sclerosis. 





FIGURE 1. Skin biopsy showing basal licuefaction and »erivascular chronic inflammatory cell infiltrate. 
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FIGURE 2. Close up of finger-nail. 


The similarity in pathogenesis of idiopathic lichen planus to GVHD is further supported by the 
previously unreported finding of pterygium developing in our patient with chronic GVHD. 


Department of Dermatology, B.J.LIDDLE 
The General Hospital, M.A.COWAN 
Steelhouse Lane, 

Birmingham 


B4 6NH, U.K. 
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Agminate lichen follicularis with cysts and comedones 


SIR, Retroauricular follicular lichen planus tumidus /FLPT)' and milia en plaque? are unusual entities of 
uncertain nosography. We describe a patient with the clinical features of both conditions. The direct 
immunofluorescence and immunoh:stocitemical findixgs were typical fer lichen planus pilaris (LPP), 

A §7-year-old woman presented with asymptomace erythematous and oedematous plaques in both 
retroauricular folds and milium-like whmsh papules -hat developed several months previously (Fig. 1). 
Two similar lesions were present on her chin and rigat cheek. In both conchae there were innumerable 
comedone-like lesions. The scalp and body hair, nailsand mucous membranes were normal. She denied 
taking any drug. 

Laboratory investigations were either negative =a normal, including antinuclear and anti-ENA 
antibodies. Histopathology showed thet in the dermis there were large follicular cysts filled with 
orthokeratotic material and remnants f hair follices, surrounded by a dense lichenoid band-like 
lymphocytic infiltrate. Some colloid bocies were also seen. Alcian blue stain did not reveal deposits of 
mucin in the hair follicles. Direct mmmtnofluorescence showed granular deposits of C3 at the dermo- 
epidermal junction, and IgA, IgM, C3 and C4 coated bodies in the upper dermis as well as linear deposits 
of fibrinogen around the adnexa and blood vessels and C3 deposits in toe dermal vessel walls. The vast 
majority of the mononuclear cells im the dermal infilcate were T (CD2*/CD5+) lymphocytes, most of 
them being of the helper/inducer CD£ `) phenotyp-:. Cytotoxic/suppressor (CD8*) cells were much 
fewer and at the periphery of the in‘iltra e. The CD4 “D8 ratio was 3: `. Large numbers of Langerhans 
(CD1a™) cells were seen in the epiderm.s. Some lymohecytes and epidermal keratinocytes were HLA- 
DR* 

Isotretinoin was begun at a dose of 4c mg day anc in 4 weeks the cysts and comedones flattened and 
reduced in size. The dose of isotretinoin was reduced to 20 mg/day but che lesions recurred with intense 
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FIGURE I. Retroauricular erytaematous and edematous plaque vith milium-like cysts. 
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itching. Prednisone (0'5 mg/kg per day) was then given and the patient improved, but any attempt to 
reduce the dose was followed by relapse. Six months later a plaque of alopecia developed on the vertex of 
her scalp. 

Follicular lichen planus tumidus (FLPT) has been described in eight patients. +? The male/female ratio 
18 1:2 and the age range 18 20-63 years (average age 42:5). Clinically there are reddish/violaceous plaques 
with innumerable whitish cysts and comedonce-like lesions in the retro-auricular areas. Bilateral FLPT has 
been reported in only two cases, including our patient. Only exceptionally is this area spared. Other areas 
that may be affected are the neck, cheeks, chin, ears and scalp (our case only). The tumid features were 
present in five of the cases. Itching is an occasional symptom. Four patients have been reported as also 
having typical lichen planus (LP) lesions and a further one had lichen sclerosus et atrophicus. In all the 
cases, the histopathology was that seen in LPP. Our case is unique in that she developed alopecia. The 
immunopathological findings in our case were that of early LP.* 

Other diseases that were considered in the differential diagnosis included discoid lupus erythematosus 
but this was ruled out by the direct immunofluorescence and immunohistochemical studies. Nodular 
elastosis with cysts and comedones (Favre—Racouchot syndrome) could be differentiated in that it occurs 
in the sun-exposed areas and mainly in the periorbital region in elderly people. The histopathology in this 
condition is dominated by severe elastosis with an absence of any lichenoid infiltrate. Follicular mucinosis 
was excluded by the lack of mucin ın the hair follicles. Milia en plaque? defines the only two cases in the 
English lterature that could be FLPT, differing only in their less apparent lichenoid features. 

Treatment ın this disorder is disappointing and topical as well as systemic steroids only umprove the 
lesions. Topical tretinoin is ineffective. In our patient, treatment with isotretinoin initially improved the 
condition with clearing of the lesions, but was not tolerated and attempts at reducing the dose failed. Only 
in one of the reported cases did lesions clear spontaneously after 44 months. 

In conclusion, LPP may uncommonly present with milia and comedones on an inflamed plaque and this 
18 best termed agmunate lichen folliculams with cysts and comedones. 


Department of Dermatology, 9 F.RONGIOLETTI 
University of Genoe and - G.GHIGLIOTTI 
*Division of Pathology, C.GAMBINI* 
Galliera Hospital, A.REBORA 
Genoa, Italy ` 
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The French Triple Centenary, 12 October 1989 


Sik, We were fortunate enough to be invited to attend the combined centenary of the foundation of the 
Société Francaise de Dermatologie et de Syphiligraphie, the first International Congress of Dermatology 
and the inauguration of the Museum of the Hôpital Saint-Louis. This unique celebration was held in Paris 
on 12 October 1989. The afternoon session of the Society consisted of an ingenious and entertaining 
reconstruction of the first meeting held in August 1889. Under the Presidency of P.Amblard and Madame 
Sayag, each of the four main topics were paired with similar ones given then but, on this occasion, preceded 
by an historical resume of the Society’s subsequent 100 years. Lichen planus and the lichenoid eruptions 
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were elegantly presented by Grosshans, as were the congenital erythredermas by Larrégue. Saurat 
reviewed the acquired bullous erup:ions and Madame Sayzg progress in the trichophyton infections. The 
session ended with an evocative wide-renging socie-philo ophical review of venereology by Janier. 

The social events began with an enchanting concert of se~enteerth and eghteenth century music played 
on flutes a bec, viole de gambe and davecin in the chape! ofthe St Louis Hospital (founded by Henri IV in 
1607) and ended with a splendid bamque: in the museum, serrounded by Baretta’s remarkable moulages; a 
most impressive setting. 





FIGUEE 1. Commemorative medal by ] Ph.Rech. 


The participants in this reunion came away, net only wi h a handsome medallion by J_Ph.Roch, struck 
for the occasion (Fig. 1) and a delightful print of the St Loais Hospital but with the lasting memories of a 
very special occasion, marked with 2legence and style Weourselves were honoured to have been invited 
and to have been able to pass on the warmest greetinzs of the B.A.D. to our friends ‘across the water’. 


St John’s Hospital for Diseases of the Skin, W .A.D.GRIFFITHS 
Lisle Street, *D.S. WILKINSON 
London WC2H 7BT: U.K. and 

*Whitecroft, Hervines Road, 

Amersham, Bucks HP6 sHT 
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Book Reviews 


Pathology of the Skin: with Clinical Correlations. P.H.McKEE (1989). London: Gower Medical 
Publishing. Pp. 558. Illustrations: 2238. ISBN 0-397-44601-2. Price £120.00. 


This is a beautiful book, lavishly illustrated in colour with photo-micrographs, correlated wherever 
possible with clinical pictures, and it is these features which will make this volume an excellent buy for the 
general pathologist at whom the book is aimed. 

There are many points which will endear the book to the dermatologists who have an interest in 
dermatopathology, not least being the illustrations of the varying histological appearances sometimes seen 
in the same skin lesion. They will also appreciate the chapter on Cutaneous Metastases. The chapter 
headings are the ones to be expected and at the end of each chapter there are up-to-date references, (the 
latest found being a paper from 1987), but older important papers are also listed. 

The text is somewhat terse with an economy of words which is often barely adequate, and can be 
awkward, especially with regard to definitions and explanations. Occasionally it becomes misleading, for 
instance only 3° of patients with chronic discoid lupus erythematosus have oral lestons—not the 25% 
referred to in the text which really relates to systemic lupus erythematosus, and there are other errors of 
this kind. As with many other ‘first’ texts of books there are numerous spelling mistakes including the 
common ‘pruritis’ to be found, together with at least one other awkward neologism ‘neurotization’. 

A short glossary of the somewhat esoteric terms used in dermatology might also have been included to 
help the many general pathologists who buy the book. The inclusion of many electron microscopy 
photographs is very helpful in the absence of a current comprehensive atlas on electron microscopy 
changes in diseases of the skin. 

The pages are numbered by chapter rather than sequentially through the book, and the illustrations are 
numbered in the same way. This is sometimes slightly confusing, but the index ts adequate and the text is 
usually close to the relevant picture. 

The standard dermatopathology reference book to which all others have to be compared is Lever’s 
‘Histopathology of the Skin’. Whilst by no means replacing Lever, McKee stands up well to the 
comparison, even taking into account the recently published atlas to accompany the Lever book. The price 
is high but the production is excellent and the histopathology atlas with clinical correlations make the book 
worth buying on this account alone. Despite being a physically large book and awkward to hold, it is a 
volume which can be readily recommended to both dermatologists and general pathologists. 

T.W.STEWART 


Radiation Measurement in Photobiology. Edited by B.L.Dirrey (1989). London: Academic Press. 
ISBN 0-12-215840-7. 


This is a book for those active in the field of photobiology, including dermatologists, photochemists, 
physicists, zoologists and botanists. The book outlines some of the fundamentals and also describes some 
actual measurement techniques with reference to particular applications. 

There is a lucid description of the basic principles of light measurement, written in a language 
understandable to the non-specialist reader. It also grabs the nettle and presents mathematical formulae in 
such a way that even these should be understandable to the non-mathematician. There is a section which 
deals with characteristics and limitations of measurement devices: optical radiation detectors, calibration 
of light sources and detectors, and techniques for spectroradiometry and broad-band radiometry. 
Although repetitious in parts, there is a lot of useful information, some of it fairly advanced but these 
chapters comprise essential reading for anyone contemplating carrying out the sort of studies described in 
the rest of the book. There are then chapters describing action spectroscopy and application of lasers in 
photobiology and photochemistry. These contain further descriptions of detector types which seem a little 
out of place and only a little on action spectroscopy per se, which is a pity. The discussion of photochemistry 
using time resolved techniques is fascinating but would certainly require some prior knowledge on the part 
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of the reader. The final chapters outline some very invtresting topics: ul:saviolet radiation dosimetry with 
polysulphone film, computer programs fer estimating ultraviolet rediation in daylight and optical 
radiation interactions with living tissue. These ere aŭ well written and useful contributions. 

The standard of this work is very nigh. It is net a beginners’ guide, but the reader who is prepared to give 
the extra effort required to understand the materiel with which he or she is unfamiliar will find this a 








rewarding experience. This is a book which can be unequivocally recommended to anyone with serious 
intent on radiation measurement in photobiology, 
H. MOSELEY 


Dermabrasion and Chemical Peel: A Guide far Facial Plastic Surgeons. E.G.McCCoLLouGu 
(1989). New York: P.Royal Langsdon Thieme Medial Publishers, Inz. 


This is a remarkable and detailed book an dermabrasion and chemical peel written by a plastic surgeon 
jointly with a dermatologist, or cermatcologzcal surgeon. It certainly wo dd not have wide appeal to many 
British dermatologists at the present time but it may well be that future development in British 
dermatology may find such publications of great ir-erest. Some of the before and after photographs, 
particularly with regard to phene! peels, are mest convincing, and as more and more patients demand 
cosmetic procedures rather than come tc us with stra:ghtforward dermatological disease, it may well befit 
us to read such manuals with care. There is, unfortuneely, a good deal o` use of United States trade names 
for soaps, proprietary creams ete. and the spelling ‘eaves a good deal to be desired. There is also a very 
sketchy description cf risks to the sumgecn and his assistants from siruses during the procedure of 
dermabrasion which [I would have though: merited expansion and coasiderably more discussion. The 
authors are firmly in favour of phenol versus trichipracetic acid facie! peels, despite the hepatotoxic, 
nephrotoxic and cardiotoxic effects of phencl absorbec through the skin. They regard it as mandatory that 
there should be cardiac monitoring and an intravenous line set up for anr procedure involving more than a 
third of the face area. To British minds tius will seem ike overkill (to coin a phrase), particularly when the 
authors write that they have not yet seen a case requirzag cardiac resuscitation, although some arrhymthias 
are not uncommon. Many will also questior on this s:de of the Atlantic whether it is justified to perform a 
cosmetic procedure requiring such stringent precautions. Clearly there is room for a goad debate on this 
and other topics covered in this voume. 

J.S.CoMAISH 


Illustrated Cutaneous Laser Surgery—A Practitioners Guide. J.S.Dover, K.A.ARNDT, R.G. 
GERONEMUS, S.M.OLBRICHT, J.M. NOE AND R.S STEEN ( 1990.. East Norwalk, Connecticut: Appleton and 
Lange. 142 pages, 129 figures and llustrations. ISB" 0-8385-1432-4. Price $98.00, 


‘The purpose of this book is to provide a practical approach co the use ef lasers in the treatment of skin 
disease, the authors are mainly from the Harvard Medical School in Beston and have produced a ‘cook 





Each chapter has a bibliography and appendix with a fist of clinical applications together with a patient 
programme instruction sheet which it is suggested can be photocopied and handed to a patient. 

There are many excellent colour and black anc whe illustrations of tefore and after therapy, but some 
are not strictly comparable and the results are not uziformly goed, 

Lasers in Britain are mainly used in the treatment of port wine stains and angiomas. I recently priced a 
tunable Dye laser which was estimated at £13900. It is therefore unlikely that many British 
dermatologists or plastic surgeons will ave the oppertunity to use this form of treatment. 
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The book, however, is extremely well laid out and easy to read and gives a clear and comprehensive guide 
to their use in the United States of America, where they appear to be indicated in a wide range of 
dermatoses including pigmented naevi. The book is recommended for the departmental library and is good 
value for money. 

N.MORLEY 


Skin Manifestations of AIDS. N.S.PENNEYS (1990). London: Martin Dunitz; ISBN: 1-8531-7013-5. 
Pp. 210. £39.95. 


Dr Penneys’ style is trenchant, his references extensive and illustrations excellent. He has therefore 
achieved the three goals that he set himself in the Preface. 

The subject is covered logically but the inclusion of chapters on mucosal lesions and paediatric AIDS 
means that some ground is covered twice. Several important points are made clearly. Common infections, 
for example, may be very extensive or appear in uncharacteristic patterns. Rare infections may be manifest 
and I for one was unaware of alternariosis. Another difficult area is the dual or triple infection: here the 
clinical appearances are unlike those of the individual diseases. Kaposi’s sarcoma has protean 
manifestations. Fine colour pictures are shown of confusing presentations, ¢.g. barely visible pink/purple 
macules, perifollicular papules and an appearance akin to lupus pernio. 

There are few errors, however in a series of pictures on page 160 a lesion is shown to progress through 
three stages but on the third shot the lamb has also changed! Three similar publications have appeared in 
the last year and each is considerably cheaper than this volume; however, it is an excellent book. 

G.B.COLVER 


Nickel and the Skin: Immunology and Toxicology. Edited by H.I.MArmBACH AND T.MENNE (1989). 
Boca Raton: CRC Press, Inc. Pp. 223. ISBN 0-84993-6976-2. Price £79.50. 


Nickel is a most important metal in medicine and in surgery. For years nickel has been the commonest 
sensitizer in women and in same clinics the incidence in men 18 increasing. Nickel is a significant allergen in 
orthopaedic surgery, ıt is an industrial sensitizer and an industrial carcinogen. Its role in the chronicity of 
hand eczema in sensitized women remains controversial. 

‘This book covers every aspect of medical interest in nickel. Itis divided into 19 chapters each written by 
an author with a particular interest in the subject. Each contribution is short and informative. The initial 
chapters deal with chemistry, exposure, carcinogenicity and alloys and coatings. These are followed by 
immunology, testing, genetics and epidemiology. The last eight chapters discuss occupational dermatitis, 
hand eczema, nickel in food, drug interaction, orthopaedic surgery and dentistry. A final chapter discusses 
the influence on sensitizauion of culture, education and economic factors. Finally the editors emphasize 
that nickel dermatins is a preventable disease. 

This book is well designed, the information is well presented and easily accessible. It will be of value and 
I recommend it to dermatologists, occupational physicians, immunologists and toxicologists. 

E,CRONIN 


Book Recetved 


The Biological Basis of Disease. Selected papers by P.R.J.Burch. Edited by M.S.Chesters and 
J.B.Burch. Published by Leeds University Press 1989. ISBN o 85316 147 X. 
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News and Notices 


New Concepts in Cutameous Laser Surgery 
Boston U.S.A.. 27-28 October 1990 


The Department of Dermatology ef the Beth Ksraei Hospital and Harvard Medical school, Boston, 
Massachusetts, are jointly sponsoring the course ‘New Concepts #m Cutaneous Laser Surgery’ on 27 and 28 
October 1990, at the Hyatt Regency Hote! in Cambridge. Massachusetts. The first day of the course will 
address the theoretical and practical aspects of cutaneous laser surgery. During the second day, all 
participants will be offered hands-on experience with various types ef instruments, including argon, 
continuous wave and pulsed dye, carbon dioxide, neodymium: YAG, and copper vapour lasers. The 
course will include formal lectures, panel discussions, aad videos of demonstrations of laser techniques and 
laser safety. For further information commact: Department of Continuing Medical Education, Harvard 
Medical School, 25 Shattuck Street. Boston, MA oars, U.S.A. (617) 732-1525. 





Fifth Pen African Congress of Dermatology 
6-3 February m91. Nairobi, Kenya 





The fifth Pan African Congress of Dermatology will be neid in Nasrobi from 6-9 February 1991. The main 
topics to be covered are on AIDS and other sexually transmitted disorders, leprosy, tropical dermatology 
and allergic dermatoses. 

For further information contact: Dr Melanie Miyacji, Orgarizing Secretary, PO Box 20714, Nairobi, 
Kenya. 


Training Course in Comtact Dermatitis 
Birmiagham, 1-< Oictober 1990 


A §-day residential ccurse to cower all aspects ef Contact Dermatitis is to be held at the Institute of 
Occupational Health, University of 3irmingham anc a The Skiz Hospital, Birmingham from Monday 1 
October to Friday 5 October 1990. 

Further details may be obtained from Mrs Joyce Blaze, Course Co-ordinator, Institute of Occupational 
Health, University of Birmingham, Edgbaston, Birrengham Bis 2TT, UK. 


British Inflammation Research Association 





The British Inflammation Research Association (BIR Ax) is a new sciemtific society which fosters links 
between research workers in industry and academic groups werking on all aspects of inflammatory 
disorders. One of the main activities of the Association is holding 1-day scientific meetings on different 
aspects of research on inflammation. Those who are iaterested should write to the Treasurer of BIRAs, 
Dr F.B.de Brito, Rhéne-Poulenc Ltd, Biological Reseerch, Rainham Road South, Dagenham, Essex 
RMro 7X8, U.K. 





University of Liverpcol 






Dr P.S.Friedmann, Senior Lecturer in the Dermatology Deparement of the University of Newcastle upon 


Tyne, has been appointed to the newly created Chair of Dermatology in the University of Liverpool. 
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Foreword 


The Hotel La Bobadilla, located in a remote place in the south of Spain, was the venue for a 
meeting from the 26-28 February, 1990, of 30 dermatologists, nephrologists, renal physiolo- 
gists and pathologists from all over the world. The subject of discussion was whether or not 
cyclosporin A (Sandimmun®) can be recommended for the treatment of patients with psoriasis. 
Three days of lively sessions, lasting from early morning until late at night, resulted in a 
consensus on who, who not, and how psoriatic patients should be treated with cyclosporin A. 
On behalf of all the participants of this important event, we would like to thank Sandoz 
Pharma Ltd in Basle, Switzerland for their generous support which made this workshop 
possible. We hope that the readers of this supplement will also share our appreciation. 


M.].MIHATSCH 
K.WOLFF 

Hotel La Bobadilla 
Loja, Granada, 1990 
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A consensus report: 
cyclosporin A therapy for psoriasis 


Human studies, using oral cyclosporin A (CyA; Sandimmun®) therapy for psoriasis, have been 
in progress for nearly 7 years. Cumulative data on the clinical effects of this therapy in 600 
patients have been collected and are presented in this supplement. These data are derived from 
multiple open and controlled studies. The efficacy of this treatment in psoriasis is well 
recognized, and the safety of short-term treatment, up to I year, is also established, provided 
that guidelines for therapy are observed. However, there is concern regarding the long-term 
safety of CyA treatment of psoriasis as experience is still limited. Careful monitoring of all 
CyA-treated patients is therefore mandatory and CyA should only be used by dermatologists 
who have access to expertise in the use of CyA and have the appropriate facilities for monitor- 
ing the long-term risks. 


Who should be treated? 
Patients considered for this form of treatment should have psoriasis of such severity that the 
risks inherent in this treatment, as outlined in this supplement, are acceptable in that patient. 


Who should not be treated? 

Psoriatic patients with other systemic disorders and who are taking additional medications 
should be carefully reviewed before prescribing CyA because of possible drug interactions and 
other adverse effects. In particular, this applies to concomitant therapy with potentially 
nephrotoxic and cytotoxic agents. Patients receiving concomitant immunosuppressive or radia- 
tion therapy (including PUVA and UVB) should not receive CyA because of the possibility of 
overimmunosuppression and the risks of infection and malignancy. Patients should also be 
warned of the risks of overexposure to solar radiation. Drugs which interfere with the bioavail- 
ability of CyA should be avoided because of the danger of unpredictable CyA blood levels. 
Also, agents known to be nephrotoxic, such as aminoglycoside antibiotics and non-steroidal 
anti-inflammatory drugs, should be avoided. 

Patients who have the following conditions should, in general, not be considered: previous 
or concomitant malignancies; infections of any type; primary or secondary immunodeficiency; 
severe chronic organ dysfunction; or drug or alcohol abuse. Patients with abnormal renal 
function or uncontrolled hypertension as well as those who are uncooperative should not be 
accepted for CyA therapy. 


How should the treatment be performed? 

The patient should be carefully instructed concerning the nature of the treatment. The starting 
dose should range from 3 to 4 mg/kg body weight. The drug can be taken as a single daily dose 
or divided into two daily doses. If improvement does not occur, the CyA dose can be increased, 
but should not exceed 5 mg/kg body weight/day orally. If there is considerable improvement 
of skin lesions, the dose should be reduced stepwise to ascertain the individual’s minimum 
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maintenance dose requirements at which serum creatinine remains within the accepted range 
(see below). Dose adjustments should always be mace in steps of o-s—1 mg/kg body weight. 

If adverse effects arise and depending on their severity, the daily dose should either be 
reduced in steps or, if necessary, treatment should be discontinued. Special attention should 
be paid to serum creatinine increases of more than 30°, over the patients own baseline values 
as confirmed on two or more occasions within 2 weeks. In the absence of relevant data, 
hypertension (diastolic blood pressure over 105 mm Eg ora sustained diastolic blood pressure 
over 95 mm Hg) should be treated aceording to accepzed standards of care and, in this setting, 
diuretics and beta-blockers should not be used. 

Cyclosporin A treatment shou. d be discontinued in cases of insufficient response of psoriatic 
lesions with CyA 5 mg/kg body weight withir 4 weeks, or where the effective dose is not 
compatible with the safety guidelines (see above’. 

Present experience indicates that severe psoriasis recurs when CyA treatment is stopped. 
The goal of maintenance therapy is to keep the matiert as lesion-free as possible with the least 
amount of CyA delivered, and total clearing of the skin should not be the final goal. After 
reaching a relatively disease-free state, the patient should be given the minimum effective 
maintenance dose (see above). If patients have been successfully treated for 1 year, any decision 
to extend therapy should be taken in the context ol information available, as the cata regarding 
long-term use of CyA in psoriasis is still being accumulated. 

If a patient experiences a serious flare during the maintenance treatment, therapy can be 
changed to a dose that is sufficient to contre] pseriasis while remaining compatible with the 
safety guidelines. Every attempt should then be made to reduce the dose to the lowest effective 
level. 












How should the patient be monitored during therery: 

Psoriasis is not a life-threatening disease, and the use ef a petentially harmful drug such as CyA 
must be carefully monitored and controlled. Thus, careful dermatological and physical exami- 
nations, including blood pressure measurements ‘or at least two occasions before initiating 
therapy) should be performed. As CyA is imamunosuppressive, a search for all forms of 
tumours, including those of the skin and cerviz, should be carried out. In order to limit 
nephrotoxicity, control must be directed towarcs (a) exclusion of patients with potential risk 
factors; (b) limiting the dose to 2 maximum of § mg/kg body weight and attempting to adhere 
to the lowest possibie dose; (c) careful monitorime of rena! function. 

Prior to therapy, a fasting serum creatinine sicuid be obtained on at least two separate 
occasions to ensure accurate baseline values. There is controversy as to the ability to identify 
early, reversible CyA nephrotexicity by measuring serum creatinine only. Renal function 
assessment [for example, glomerular filtration rate (GPR), using inulin, isotope cr iothalamate 
clearance or renal blood flow] should, if possible. pe made at baseline. It is mandatory that the 
serum creatinine be measured frequently anc carefully monitored for any deterioration. 
Ideally, the GFR (or equivalent: should be repeated within 2 morths of initiation of therapy 
and correlated with changes in serum creatinine. If the twomneasurements are discrepant, more 
frequent monitoring of the GFR is indicated. Cyclesporin A dosage should be adjusted or 
discontinued to prevent the serum creatinine fron risng to more than 30° above the patient’s 
own baseline values. Initial and periodic investigations ef bilirubin, liver enzymes, serum 
potassium, magnesium, uric acid and urinary protein are required. 

Regular clinical and laboratory examinations are mandatory. Follow-up assessment, especi- 
ally of blood pressure and serum creatinine, should be performed every 2 weeks during the 
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initial 3 months, and then monthly if the patient is stable, unless dosage adjustments are made. 
Adverse effects, such as tremor, hypertrichosis, gingival hyperplasia and nausea, should be 
noted. Because of its poor predictive value in psoriatic patients, routine measurement of drug 
blood levels is not essential, but may be of value in cases of possible drug interactions. A renal 
biopsy is not necessary in uncomplicated cases. 


SAFETY GUIDELINES FOR CYCLOSPORIN A THERAPY IN PSORIASIS 


The minimum effective dose should be used and this should not exceed § mg/kg body 
weight/day. 
Serum creatinine and blood pressure should be monitored regularly. 


If the creatinine increases by more than 30% over the patient’s own baseline values, 
the dose should be decreased by 0.5—-1 mg/kg body weight and, if there is no 
significant improvement, CyA therapy should be stopped. 

Sustained hypertension should be treated or CyA therapy be reduced or stopped. 
Co-medication with drugs known to interfere with the bioavailability or action of 
CyA should be avoided. 
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Mechanism of action and rationale for cyclosporin 
A in psoriasis 


JEAN F. BOREL 


Department of Preclinical Research, Sandoz Pharma Ltd, Basle, Switzerland 


SUMMARY 


Cyclosporin A (CyA) is the forerunner of a new generation of immunosuppressive drugs. It is 
highly effective in both antibody- and cell-mediated immunity and in inhibiting chronic 
inflammatory reactions. Cyclosporin A is, therefore, widely used to prevent rejection in clinical 
organ transplantation and appears to be very promising in the treatment of several autoimmune 
diseases, in particular psoriasis. Cyclosporin A is not only effective when given at the time of 
sensitization (prevention of rejection), but also when administered therapeutically during an 
immune response, such as during the active course of an autoimmune disease. The most 
important aspect of its immunosuppressive mechanism is the inhibition of lymphokine produc- 
tion secreted by activated T cells. The pharmacological effects of CyA are rapid in onset, 
dose-dependent and often quickly reversible when treatment is stopped. 


Cyclosporin A (CyA) is a cyclic undecapeptide isolated from Tolypocladium inflatum Gams. 
The compound has several N-methylated amino acids and one novel C,-amino acid. The 
peptide is neutral, rich in hydrophobic amino acids, and insoluble in water, but soluble in lipids 
and in many other organic solvents. Studies revealed that it was effective in inhibiting both 
humoral and cell-mediated immune responses. Its effect was reversible and specific for T 
lymphocytes. Haemopoietic tissues were not affected in immunosuppressed animals. 


ANTIBODY-MEDIATED IMMUNITY 


The potent blocking effect of CyA on primary antibody production against sheep erythrocytes 
has been well documented in several species. Although the optimal doses for suppression of 
antibody synthesis are approximately twice those for inhibiting cell-mediated immunity, the 
therapeutic index of CyA is significantly superior to that of comparable immunosuppressants 
such as azathioprine, cyclophosphamide and methotrexate. In addition, its inhibitory action is 
not primarily due to cellular depletion as observed with these cytostatic drugs. Both IgM and 
IgG isotypes are suppressed in the primary response. Time course studies show that the drug 


Correspondence: Professor J.F.Borel, Preclinical Research, Sandoz Pharma AG, CH-4002, Basle, Switzerland. 
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acts on the early events that precede mitosis in the immune response. Especially noteworthy 
is the rapid and complete reversibility of its suprressive effect, which is independent of the 
duration of treatment. 

When comparing the effects of CyA against various antigens, it is evident that primary 
antibody formation against thvmus-dependent (TD) and thymus-independent (TI-2) 
antigens, but not TI-i antigens, is easily suppressed. Whether CyA affects B cells directly or 
indirectly through suppressing T belper (T,,)-cell canction has been investigated using various 
experimental protocols. The emerging consensus :ndicates that primary TD and TI-1 B cells, 
and primed Ty cells are CyA-resistant whereas primary TI-2 B cells and non-primed Ty cells 
are CyA-sensitive. Furthermore, it has been demenstrated, using viral antigens, that the TD 
switch from IgM to IgG isotope is suppressed bs the drug. 

Although CyA has been shown to be effective in inhibiting an ongoing humora! response in 
models using repeated blood tramsfusicns to elict aloantibedies and in several autoimmune 
models with overt autoantibody production, suck a claim must be limited, as in some other 
models the drug has demonstrated no effect on continuous autoantibody synthesis. Some 
experiments clearly suggest that CyA inhibits priming in vive while others do not. By assessing 
rats presensitized with allogeneic spleen cells bet without receiving CyA, and which were 
subsequently challenged with donor-specific blocd transfusions, treatment with the drug was 
found to prevent the anamnestic alloantibody resp#mse. In experimental myasthenia gravis, the 
inhibition by CyA of a secondary autoantibody sesponse was dependent on the challenging 
antigen dose. 

There is no doubt that the secondary humoral response remains somewhat refractory to the 
immunosuppressive action of CyA. However, there is also evidence that significant reduction 
in secondary antibody titres may be obtained under certain experimental conditions, provided 
that high doses of the drug and relatively low ancizen amounts for the challenge are used. 











CRELL-MEDIATED IMMUNITY 


Transplantation of allogeneic organs 

A wide range of different organs and tissues have been transplanted between various species, 
and their survival, except for xenografts, has been successfully pro onged with the use of CyA. 
These experimental grafts can be divided into five-categories: classical allografts; new allografts 
which have seldom or never been attempted befere the availability of CvA; composite grafts 
comprising more than a single organ; xenografts ir: which the reject.on process may qualitative- 
ly differ from that involved in an a lograft rejection; and bone marrew grafts whereby the entire 
immune system is replaced, thus causing a graft-sersus-host (GvH) reaction. 

Attempts to achieve synergism im variously experimentally combined models and the respec- 
tive effects of each suppressive compenent on tke mechanism promoting unresponsiveness 
have been analyzed. Obviously, the most promisira protocols are these in which each suppres- 
sive component is complementary to another ~ with each acting on a different step in the 
activation cascade. 

Several factors which eventually reduce immezncgenicity may contribute to the relative 
adaptation of a graft, including replacement of the-eadothelium of tne graft, which is a potential 
source of antigen-presenting celis (APC), by the host’s own celb, and suppression of lym- 
phokine production which, in turn, inhibits activados of effector cells by preventing expression 
of interleukin-2 receptors (IL-2R° induced by IL-2. Inhibition of MHC (major histocompati- 
bility complex) Class I and Class [I products stimulated by gamma interferon (y-IFN), leaves 
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the specific suppressor mechanisms intact and thereby reduces the function of APCs to below 
the critical level. Cyclosporin A appears to contribute directly or indirectly to these factors and 
monotherapy with this drug at remarkably low doses is effective in maintaining long-term 
allograft acceptance. 


Delayed-type hypersensitivity (DTH) 

Cyclosporin A inhibits both the induction and effector phases of the DTH response in several 
species, including man. This suppressive effect is apparently independent of the type of 
antigens used (chemicals, proteins, virus or spleen cells). 

Both the primary and secondary DTH reactions were eliminated with appropriate treatment 
with CyA; suppression of the secondary response was independent of modulation of the 
primary response. If the DTH reaction was elicited by injections of activated, antigen-specific, 
cloned Ty cells, CyA given at up to ro, but not more than 15, hours later was efficacious in 
preventing the reaction. In contrast, when the challenge was induced with antigen, the effector 
phase was inhibited only if the drug was given before or at the same time as the antigen. Topical 
CyA application at the site of antigen administration also prevented the effector phase of the 
DTH reaction. Suppression by the drug is reversible and of short duration, as indicated when 
a secondary challenge 96 hours after the primary response elicited a positive DTH response. 

The target cells for the action of CyA in the DTH response are those mediating the specific 
or immunological component of the reaction as the agent has no direct effects on the non- 
specific, acute inflammatory component. Various studies have demonstrated that the DTH 
reaction could be adoptively transferred by CDs non-adherent T lymphocytes, the cells 
affected by CyA. These cells also release lymphokines in vitro when cultured with the relevant 
antigen. Cyclosporin A interferes with the DTH reaction by presumably suppressing the 
release of lymphokines and other mediators of inflammation. The addition of rIL-2, but not 
of y-IFN, reverses the inhibitory action of the drug. 

The finding that CyA does not interfere with the clonal expansion of antigen-specific 
D'TH-mediating cells implies that DTH precursors are not sensitive to CyA inhibition. It has 
been suggested that the effector functions of the Ty and Tp; lymphocytes are suppressed by 
the drug while their proliferative capacity is resistant. This has been confirmed in other 
transfer experiments which showed induction of Tpry effector cells to be insensitive to CyA 
while the effector function of this Tpry subpopulation remained CyA-sensitive. 


AUTOIMMUNITY 


The capacity of a drug to modify the course of an autoimmune disease can be assessed either 
preventively—its ability to inhibit the primary event of sensitization—or therapeutically—its 
ability to alleviate the symptoms of the ongoing disease after sensitization. 

Cyclosporin A has been studied in many experimental autoimmune models. Although 
animal models can provide some understanding of autoimmunity, extrapolation to man must 
be with caution. Experimental models of autoimmune diseases have the disadvantage of often 
being artificially induced and correlation with the human counterpart, even of the genetic 
models, is disputed. Thus, while both the induced and spontaneous models of uveitis and 
nephritis are susceptible to CyA treatment, only the induced, and not the spontaneous, models 
of thyroiditis respond to therapy. Similarly, streptozocin- and virus-induced diabetes are 
refractory to the drug whereas spontaneously developing diabetes both in bio-breeding (BB) 
rats and non-obese diabetic (NOD) mice reacts promptly to prophylactic treatment with CyA. 
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Experimental models of arthritis 

Freund’s adjuvant arthritis (FAA) in rats is an experimentally induced condition with T 
cell-dependent autoimmunity which bears a close resemblance to several forms of human 
arthritis. Injection of mycobacterial adjuvant leacs to T-cell activation and proliferation and, 
subsequently, to massive mononuclear cell infiltrecen ef the joints which ultimately results in 
complete joint destruction. Cyclosporin A strongly reduced the chronic inflammatory 
symptoms when given either preventively or thevapeutically. Unlike most anti-inflammatory 
drugs, CyA does not induce stermach ulcers in tke rat. 

Because of evidence suggesting inflammmation-med:ated osteopenia in the rat, the therapeutic 
effect of CyA arthritis-related bone resorption in rats with FAA vas investigated. Treatment 
with the agent resulted in a sign:ficant dose-dependent regression of articular swelling and 
cartilage degradation concomitant with improverment in bone density; the protective effect of 
the drug against articular damage was supported by a progressive improvement in total 
epiphyseal glycosamimoglycan comtent. Cyclospozin A-induced blockade of T-cell activation 
via inhibition of lymphokine productien interzucts the immune-mediated inflammatory 
process and, in turn, leads to a reduction of phlogngenic cytekine release of IL-1, for example, 
which is likely to be a mediator of bone and cartiiege breakdown :n arthritic disease. Cyclos- 
porin A has also been used in the naturally occurring retrovirus-induced caprine arthritis 
model in which advanced symptoms, especially severe inflammation-induced damage to the 
knee joints, were reversed, as demonstrated by rac ography, with continuous drug treatment. 

Collagen arthritis can be readily induced in many strains of cats by immunization with 
heterologous or homologous native type II ce@ agen emulsified in incomplete Freund’s 
adjuvant. This disease, characterized by the develecment of both cellular and humeral immune 
responses to type II collagen, cam be transferred =~ semsitized spleen and lymph node cells as 
well as by IgG antibodies to type II collagen. 

These findings are consistent with the propesa that collagen arthritis is the result of 
immunological hypersensitivity <o tvpe II colagen. The pathogenic difference between 
collagen arthritis and FAA with the use of Cy was assessed in a study involving daily 
treatment with the drug for 14 days, This regimen completely suppressed the development of 
collagen arthritis and FAA in rats during the observation period. To determine whether the 
unresponsiveness produced by the drug was an= zen-specific, the CyA-protected rats were 
rechallenged with either type If collagen or compete Freund’s adjuvant (CFA) after discon- 
tinuation of the drug. Type II collagen-immuz:zed CyA-protected rats did not develop 
arthritis in response to re-immurization with tyre II collagen, although FAA ceveloped in 
response to a subsequent injectica of CFA, and “FA developed in response to a subsequent 
injection of FAA. 

These results indicate that spec:fic immunologic! unresponsiveness can be induced by CyA 
in these two experimental models of pelyarthritis, aud that there is no cross-reactivity between 
type II collagen and the mycobacterial cell wall components. The anti-arthritic effect of CyA 
is mediated by systemic and local effects on the immmune system as reduction of the disease is 
associated with a significant decrease in serum antibody against type [I collagen and a decrease 
in lymphocyte accumulation in arthritic joints. 

The effects of CyA on collagen-induced arthrit:s have alse been studied in mice. Prophylac- 
tic treatment suppressed the development of arthriz:s and the immunological response to native 
type II collagen. Treatment with CyA (21-34 das), started on the same day as the booster 
injection with type II collagen (re-inoculation = required to maintain a high incidence of 
arthritis in mice), also inhibited the developmen: of arthritis and immunity to collagen. 
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Injection of an aqueous suspension of cell wall fragments from group A streptococci and 
other bacteria into susceptible rats induced an acute, self-limiting polyarthritis followed by a 
chronic proliferative, erosive polyarthritis and hepatic granulomas. The effects of CyA were 
evaluated despite the controversy regarding the role of T lymphocytes in this model. Con- 
tinuous daily treatment with CyA for 6 weeks, started either 1 day before or 7-12 days after 
streptococcal injection, resulted in a significant inhibition of the chronic proliferative erosive 
synovitis (but not of the acute arthritis) and total inhibition of the hepatic granulomas. On 
stopping the drug at 6 weeks, its effect continued for at least 5 more weeks, demonstrating 
long-term benefit without continuous administration of the drug. In contrast, CyA given only 
during the acute phase of the experimental disease (1-12 days) did not inhibit the development 
of the chronic disease. These data are evidence of an important role for the T,, cells in this 
model. 


Experimental models of nephritis 

Immunologically induced experimental models of nephritis to assess the effect of CyA 
included: acute serum-sickness nephritis in rabbits; chronic serum sickness in rats; anti- 
glomerular basement membrane nephritis in mice; in-situ immune-complex glomeruloneph- 
ritis in rats; chronic glomerulo- or Heymann’s nephritis in rats; tubulointerstitial nephritis in 
rats; and mercuric chloride-induced autoimmune glomerulonephritis in rats. In addition, the 
effect of the drug in the spontaneously developing autoimmune lupus model in the New 
Zealand black-and-white (NZB/W) hybrid mouse has also been evaluated. Cyclosporin A 
treatment was effective in both preventing the development of nephritis in all of the models 
tested and in improving the symptoms of established nephritis in most models, except for 
Heymann’s nephritis and the antibody-induced glomerulonephritis. It appears that the drug 
interfered mainly with cellular—effector mechanisms involved with the proteinuria, as a rapid 
reversal of proteinuria was obtainable in several instances despite the persistence of autoantibo- 
dies and circulating immune complexes. However, preventive CyA treatment was also 
effective in suppressing autoantibody formation. Treatment with the drug induced a state of 
unresponsiveness in Heymann’s nephritis and in mercuric chloride-induced glomeruloneph- 
ritis. 


Psortasis: a hypothesis 

Psoriasis is a relatively common chronic disease of unknown aetiology, although there is 
increasing evidence that it is perpetuated through an immunological mechanism. Studies 
directed at the detection of a biochemical defect in psoriatic skin have revealed a number of 
abnormalities related to transmembranous signal-transducing systems. The abnormalities of 
the histogenetically different cell populations present in psoriatic skin lesions include an 
increase in and activation of many cell types, especially immunocytes. The immune system of 
the skin shows an increase in subepidermal dendritic cells and epidermal infiltration by a large 
number of T cells; a wide variety of mediators (interleukins and interferons) may also play a 
role in keratinocyte hyperproliferation and inflammation. The immunogens responsible for 
these events, however, have not been identified. 

There is no experimental animal model of psoriasis. Although phorbol ester-treated mouse 
skin is inadequate, the epidermal hyperplasia, vascular alterations and neutrophil accumulation 
as seen in psoriasis occur. Drugs with anti-psoriatic action, such as corticosteroids, retinoids 
and CyA, are effective in both. Protein kinase C activation occurs for reasons not yet known 
both in psoriasis and in the mouse model. However, the latter is an acute inflammatory reaction 
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which does not involve the immune system. Nevertheless, topically applied CyA strongly 
inhibits the phorbol ester-induced ornithine decarboxylase activity by blocking its mRNA 
accumulation. Cyclosporin A also inhibited approximately 50%, of the stimulation of IL-1, 
mRNA accumulation by phorbel ester. Histolegy of the treated mouse skin § hours after 
phorbol ester and CyA applicatien revealed that the drug had prevented neutrophil infiltration 
of the epidermis, suggesting that ne potent chemactactic stimulus within the epidermis had 
occurred. 





MECHANISM OF ACTION OF CYCLOSPE 





LEN A IN AUTOIMMUNE DISEASES 


Effect at the cellular level 

Most, if not all, of the immunosuppressive effects ef CyA are the consequence of the inhibition 
of IL-2 and other lymphokine secretion by activeted T cells. At a cellular level, this implies 
that: 


1. Cytotoxic and other effector T cells that destroy the target cells by interaction with the 
antigen are inhibited. In autoimmune diseases, this prevents tissue destruction. 


2. The lymphocytic subpopulation of T-helper cells no longer produces and secretes IL-2 
nor the lymphokines necessary to activate B cells and them maturation into antibody- 
secreting (therefore autoantibody-preducing) plasma cells. 


3. Inflammatory effector mechanisms cease te function in the absence of other Tpry-origi- 
nated lymphokines, such as macrophage-activating factor, interferons and colony- 
stimulating factors. In autoimmune diseases, this inhibits te inflammatory process. 


These effects are all rapid in ormset, dose-dependent and often quickly reversible on stopping 
treatment. Other CyA effects on the immune system are less well-defined and controversial; 
these include: inhibition of IL-1 production; possible inhibition of IL-2R expression on 
membranes; failure to affect I -suppressor cel. unctio and cirect inhibition of activated 
cytotoxic T cells. It is important that CyA coes net affect the main macrophage and 
granulocyte functions, such as phagocytosis, ches ctaxis and the release of most monokines, as 
this suggests that the drug is more selective than other immunosappressants currently in use. 





Effect at the subcellular level 

Certain clinical benefits with yA can only be «xp ained by assurming an effect of the drug at 
a specific site on the chromosomes associated wath lymohokine production. Cyclosporin A 
most probably manifests its imnwunosuppressive effects by mhibiting the synthesis of IL-2 and 
other lymphokine mRNAs during the process oc T-cell activation. Effects on the other events 
of the activation process, for example IL-2R expression, are not clear. The detailed molecular 
events involved in CyA inhib:tien of mRNA syatbesis are not knewn, but it is likely that the 
drug prevents transduction of the mitogenic sigma from the cell surface to the nucleus at a time 
subsequent to the rise in intracellular calcium generated by the mitogenic signal. Its 
immunosuppressive action also zppears to be related to the binding of an intracellular receptor 
protein, cyclophilin, a major cytosolic constituent of all cells. The normal physiological 
function of this protein and its involvement in T-«ell activation, ifany, are not yet known. The 
hypothetical mechanism of CyA action at the subcellular level (Table ID is illustrated in 
Figure I. 
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TABLE 1. Hypothetical mechanism of action of CyA 





Cyclosporin A does not inhibit recognition of antigen by the T-cell receptor. 

Cyclosporin A has no effect on transmembrane signalling. Mitogen- or antigen-induced activation of protein kinase 
C and phosphoinositol turnover with the subsequent rise in intracellular Ca** levels are not inhibited. 
Cyclosporin A most likely diffuses passively through the cell membrane and is concentrated intracellularly where it 
is bound to cyclophilin, a novel, ubiquitous, 18 kD CyA-receptor protein which exerts prolylpeptidyl-cis-trans- 
isomerase activity and is CyA-sensitive. The substrate for this enzyme is unknown, but it is most likely involved in 
the activation process eventually by interfering with nuclear factor-binding at regulatory sites of specific genes. 
Cyclosporin A has been shown in murine and human cell lines and in normal lymphocytes to inhibit transcription of 
mRNA for a variety of lymphokines. However, it does not inhibit the greater part of mitogen-induced protein 
synthesis. | 

Cyclosporin A inhibits the synthesis of IL-2R only at high concentrations. 

Synthesis of other activation antigens and expression of MHC gene products are significantly reduced by CyA. 


The effect of high concentrations of CyA on the function of APCs, such as the processing and presentation of antigen 
to T cells, and IL-1 production, is still controversial. 





CONCLUSIONS 


Cyclosporin A is a potent immunosuppressive compound that is effective in prolonging 
allograft survival and in the treatment of many autoimmune syndromes. Its pharmacological 
effects on both antibody- and cell-mediated immunity are rapid in onset, dose-dependent and 
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quickly reversible. Its suppressive action is primarily directed towards activated T-cell 
functions, especially secretion ef lymphokines. Large series of experimental studies have 
revealed that its mechanism of action in vive may differ from and is more comrilex than that 
observed under straightforward iu vitro conditicns. 

Cyclosporin A has shown remarkable efficacy in numerous animal models of autoimmunity 
when given both prophylactically and therapeutically. Om the basis of the vast experience 
gained with transplant patients. many clinical studies of autoimmune diseases have been 
performed or are still ongoing. Pilot studies, oten conducted in therapy-resistant patients, 
have been followed-up by randomized controlled trials with a shift towards patients with less 
advanced disease and frequently involving multple centres for adequate statistical power. 

As CyA is known for its selective inhibitiorm of T-lymphocyte functions and as there is 
increasing evidence that psoriasis is a T cell-mediated disease, there is a sdund basis for use 
of the drug in psoriasis. Ora! as well as intrales:cnal treatment with CyA has been shown to 
be highly effective in psoriasis. although the precise mode of action of the drug in this 
indication is still unknown. Low doses of CyA ‘2-5 mg,kg/day) ase effective in clearing and 
maintaining improvement over a long period cf time. When the drug is stopped, gradual 
relapse occurs in all patients, but there is no rebound. However, topical CyA, which would 
greatly diminish its side-effects. has noz yet been shown te be effective. 
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SUMMARY 


Forty-four patients with severe psoriasis have been treated with cyclosporin A (CyA) for 2-50 
months (mean 17 months). During the study, 31 (70%) of these patients achieved a > 70% 
reduction in PASI score, 39 (88°%,) achieved a > 60% reduction and 42 (95%) a > 50% 
reduction. The mean initial dose of CyA was 3 mg/kg/day and the mean dose was 33 
mg/kg/day throughout the study. Twenty-five (57°, ) patients were maintained on < 3 mg and 
six (14%) required > 5 mg/kg/day for limited periods to obtain significant improvement. In 
three of these patients, this was achieved with 6 mg/kg/day but, of the remainder, one required 
7 mg and two required 10 mg/kg/day. Of the 44 patients, 32 (73%) are still taking CyA. 
Patients were discontinued because of: side-effects directly attributable to treatment (7 = 4); 
remission of psoriasis (n = 4); death (n = 1); defaulting (n = 1); infrequent attendance (n = 
1); high doses of NSAID were necessary for arthritis (n = 1). Before starting CyA, 39 patients 
were normotensive; 21 (54°) developed mild hypertension. In 28 patients where the GFRs 
were estimated before and during treatment, there was a 16% reduction (P < 0-o001) during 
a mean period of 8 months. Two patients developed malignancies. The incidence of hyperten- 
sion and percentage decrease in GFR were strongly correlated with the dose required to control 
the psoriasis. 


Studies during the early part of the 1980s at St Mary’s Hospital implicated activated CD4 cells 
in the pathogenetic mechanism of psoriasis and resulted in the hypothesis that psoriasis is a 
disorder of abnormal keratinocyte proliferation mediated by T cells.’ Cyclosporin A was also 
predicted to be an effective drug in the treatment of psoriasis, and the results of early trials have 
supported this expectation.?* The main action of CyA is the inhibition of cytokine production 
in the activated CD4 cell, particularly of IL-2, a T-cell growth factor. After more than 4 years 
of using CyA in the treatment of psoriasis, this is a report of the experience with this therapy. 


Correspondence: Dr L.Fry, Department of Dermatology, St Mary’s Hospital, Praed Street, London, W2 INY, U.K. 
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METHODS 


Pattents 

A total of 44 patients (24 males and 2c females) aged 26-76 years (mean 48 years) has been 
treated with CyA. Patients selected were those who failed to show adequate improvement with 
topical therapy and/or psoralen and long-wave ulcravioler light (PUVA), and oral drugs 
including methotrexate, etretinate and hydroxyures. The curatiom of treatment has ranged 
from 2-50 months (mean 17 months). Three patiencs. save been treated for over 4 years, 11 for 
over 3 years, 13 for over 2 years, and 21 for more tian I year. 






Dose 

Cyclosporin A was taken once daily at night. The everage initial dose was 3 mg/kg/day. Patients 
were seen once a week for the first month and then every 2—6 weeks, depending on the control 
of their psoriasis, and the incidence and severity of sice-effects. The dose was altered by 0.5-1.0 
mg/kg/day, depending on the clinical response aneor side-effects. 


Climcal assessment 

The efficacy of CyA was assessed by measuring the percentage reduction in the Psoriasis Area 
and Severity Index (PASI) score.” Blood pressure was recorded at each visit to the clinic. The 
upper limit of normal blood pressure was considered to be 160/94 mm Hg. 

Liver function tests (serum bilzrubin, alkaline phcsphatase and aspartate transaminase) and 
serum creatinine were measured, anc a fall blood count taken at each visit. The glomerular 
filtration rate (GFR) was determined by a single awection of *'Cr-EDTA with an SEM of + 6 
ml/min. The normal GFR value was defined as ros + 25 ml/min at age 30 years, 98 + 23 
ml/min at age 50 years, and 78 + 24 ml/min at age 7o years.’ The GFR was first measured in 
13 of the 44 patients after an average treatment duration of 2-5 years (Group I). It was 
considered to be low in six of these patients, and their CyA treatment was stopped for periods 
averaging 3-17 weeks. The GFR was them determined before anc after starting treatment for 
periods ranging from 7-26 weeks (mean 15 weeks). In the remaining 31 patients, GFR was 
determined before beginning CvA treatment (Group 2) and then at 3, 6, 12 and 18 months 
during treatment. However, if the GFR value was low, the test was repeated earlier than 
scheduled and after either stopping the drug or reducing the dose. 

Cyclosporin A blood levels were measured as whole blood treugh levels using radioim- 
munoassay. During the first 2 veers, a polyclonal anztbody was used to measure the amount of 
parent drug and metabolites. The therapeutic range for transplantation was 400-800 ng/ml, 
above which toxicity was to be expected. During the latter 2 years, a monoclonal antibody that 
measures only the parent drug bas been used. Durnag this period, the therapeutic range for 
transplantation has been 20c~4o@ ng‘ml and levels above this are considered toxic. 

The only adjuvant therapy allowed is with toozca! steroids. Except for three patients who 
used them on a regular basis, these have been usec only occasionally. 








RESULTS 





All patients considered CyA the best treatment thev had received so far on the basis of clinical 
efficacy and lack of subjective side-effects, 
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Dosage 
The mean average dose for the 44 patients throughout the study was 3:3 E of CyA. 
Significant improvement was achieved with a mean dose of 3 mg or less in 25 (57%) patients. 
However, six (14%) patients required more than 5 mg/kg/day in order to control their psoriasis 
at some time during the study. In three of these six patients, 6 mg/kg/day was sufficient for a 
clinical response but, in the remaining three, satisfactory improvement was only obtained with 
7 mg/kg/day in one and 10 mg/kg/day in the other two. 

In these latter three patients, blood pressure rose to hypertensive levels and the GFR 
decreased by 44%, 45% and 54% in each patient, respectively. These side-effects were 
considered unacceptable and all three were classified as ‘failures’. Their treatment was discon- 
tinued despite the fact that, with these relatively high doses, their psoriasis was virtually 
cleared. 

In general, there was considerable variation among patients in the dosage required to achieve 
a similar clinical response but, once established, this dose and that needed to maintain the 
improvement tended to be constant in a given patient. 


Clincal improvement 

The long-term clinical improvement, assessed by the percentage reduction of the PASI score, 
varied only slightly for individual patients throughout the study, depending on dose and/or 
activity of the disease. Of the 44 patients, 31 (70%) achieved a greater than 70% reduction in 
PASI score at some time during the study, 39 (88%) achieved a greater than 60% improvement 
and 42 (95%) showed a greater than 50% reduction in PASI score. Only one patient was totally 
cleared of psoriasis; the remainder all had some psoriasis which, for the majority, was con- 
sidered acceptable. 


Current state of patients 
Of the 44 patients in this study, 32 (73%) are still taking CyA. The reasons for discontinuing 
treatment in the other 12 patients were: 

1. Four patients cleared sufficiently and did not require further treatment. Although their 
psoriasis is recurring, it has not yet deteriorated to the extent that treatment needs to be 
recommenced. The follow-up period is only 3 months. 

2. In three patients, the control of the disease could not be achieved by doses below 7 
mg/kg/day and, because of side-effects, therapy was discontinued. 

3. One patient developed genital warts extending to the groins after 3 months of treatment 
which was then discontinued. 

4. One patient has defaulted. 

5. One patient attended the clinic infrequently and did not take the drug as prescribed, and 
treatment was discontinued. 

6. One patient (at age 79 years, the oldest) died of a cerebral haemorrhage. 

7. One patient developed severe arthropathy not controlled by CyA at 3 mg/kg/day. Treat- 
ment with NSAIDs was instituted by a rheumatologist and CyA therapy was discon- 
tinued. 


Side-effacts 
The main side-effects were hypertension and decreased renal function. There were transient, 
mild and subjective, and did not warrant discontinuing therapy. 

‘Three patients developed malignancies. 
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Hypertension. Five patients were aypertensive prior to initiating CyA therapy. However, as the 
hypertension was mild, it was net considered a contraindication as other therapies for their 
psoriasis had not been effective and/or well tolerated. Of the remaining 39 patients, 21 ( 54%) 
developed hypertension during the study treatment while, im nine (23%), their blood pressure 
was the same or lower at the final assessment. 

Overall, for the entire group of 44 patients, the mean blood pressure was 1 34/86 mm Hg 
before CyA treatment, and 143.95 mm Hg at the last assessment after treatment, a rise of 
approximately 10% over a mean study period of 17 months. The rises in both systolic (P < 
0:0005) and diastolic (P < c-o0c§) blood pressures were highly significant. 

Of the 21 patients who develeped hypertensien, four stopped treatment, following which 
their blood pressure returned to normal. In two patients, blood pressure returned to normal 
values despite continuing treatment. Six patients with raised blood pressures were treated with 
hypotensive agents and, in a further eight patients with mild hypertemsion (diastolic BP 95-100 
mm Hg), no antihypertensive treatment has yet seen given and treatment with CyA is being 
continued. One patient died from a cerebral haemorrhage. 

The onset of hypertension in these 21 patients varied from 3 days to 42 months. In eight 
cases, hypertension occurred within 2 weeks amc, m another four patients, within 4 weeks. 
Three patients developed hypertension within the first 12 months of therapy and, in a further 
six patients, after 12 months. 

There was a significant difference (P < 0-05) im the incidence of hypertension between those 
patients taking 3 mg’kg/day or less of CyA (8/27) and those taking more than 3 mg/kg/day 
(13/21). 






Renal function. Two tests have been used to memitor rena! function during CvA treatment. 


1. Serum creatinine levels. Only six (14°,) of the 44 patients in this study showed a persistent 
rise of more than 30%, in serum creatinine level. The rises occurred after 2 months (n = 1), 
r year(n = 1),3 years(m = I)and4years(n = 3). This suggests that the longer the treatment, 
the greater is the risk of renal impairment. The two patients whe showed a rise in serum 
creatinine at 2 months and 1 year were both taking more than 5 mg/kg/day and, in one of these, 
CyA therapy has been discontinued. 


2. GFR, Group I. In the 13 patients who first had their GF Rs measured after a mean duration 
of 30 months of CyA treatment, the mean GFR was 86 mipmin. After a further 12 months of 
treatment, the mean GFR was 82 ml/min (not significant). However, during this latter period, 
two patients showed reductions :n GFR of 25°, both developed hypertension, 

Of the 13 patients in Group |, six had low GFR values (mean 63 ml/min). Treatment was 
therefore discontinued for periods ranging from 3-17 weeks; GFRs rose in all six patients to 
a mean of 79 ml/min (P < 0-05). Treatment was then restarted and the GFR measured again 
after a mean period cf 15 weeks. Agam, the GFFs decreased in all six patients to a mean of 63 
ml/min (P < 0:0§). 

In one of these six patients (aged 66 years), the GFR rose from 5oml/min to only 60 ml/min 
on discontinuation of treatment. A renal biopsy was performed and there was no evidence of 
nephrotoxicity. Cyclosporin A treatment has therefore continued for a further 16 months (total 
50 months) and her GFR fell to 27 ml/min. On discontinuing treatment for 3 weeks, her GFR 
rose to 67 ml/min, demonstrating that even after 4 vears of CyA treatment, the impairment of 
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and, in addition to the fall of GFR, she developed hypertension (160/100 mm Hg); serum 
creatinine levels rose by more than 30%, compared with the baseline value. When treatment 
was discontinued, the blood pressure fell to 150/90 mm Hg and serum creatinine levels were 
also reduced. Thus, these findings indicate that the effect of CyA on blood pressure was also 
reversible after long-term treatment. 


3. GFR, Group 2. In the 28 patients whose GFRs were measured before and at the end of 
the study period (mean 8 months), there was a decrease from a mean of 108 ml/min to 91 
ml/min, a reduction of 16% (P < 00001). In six of these patients, there was a reduction of 
more than 25%, and five of these patients also developed hypertension. Sixteen of these 
patients had taken a mean CyA dose of 3 mg/kg/day or less and, in these patients, the 
percentage reduction in GFR was 9%. In 12 patients who had taken a mean dose of more than 
3 mg/kg/day, the percentage reduction of GFR was 23% (P < 0:005). 

Of these Group 2 patients, 10 developed hypertension and four were hypertensive before 
starting CyA treatment. The mean decrease in GFR in these 14 hypertensive patients was 27% 
compared with the 6% mean decrease (P < o'or) in those who remained normotensive. 


Malignancies. Three of the 44 patients in this study developed malignancies. One patient 
developed a squamous cell carcinoma of the anal margin at 6 months of treatment. After 2 years 
of further treatment, the patient developed two basal cell carcinomas, one on the back and 
another on a leg, and another squamous cell carcinoma on a leg. All four lesions, which were 
treated surgically, did not recur and CyA treatment was continued. After 3 years of treatment, 
the patient died from a cerebral haemorrhage. 

The second patient was found to have carcinoma in situ of the cervix after 3 years of 
treatment. The lesion was treated by cone biopsy and there has been no evidence of a 
recurrence. The patient has now completed 4 years of CyA treatment. 

The third patient developed a squamous cell carcinoma on the leg after 1 year of CyA 
treatment. She had had a similar lesion excised from her other leg 7 years earlier during PUVA 
therapy. Cyclosporin A treatment has been continued for 6 months so far. 


Liver function. Twelve of the 44 patients had abnormal liver function tests (all mild) prior to 
starting CyA treatment. In nine patients, the tests have remained abnormal during treatment, 
but have not deteriorated; in the remaining three, the tests have become normal. Five patients, 
whose liver function tests were normal before treatment, developed slight abnormalities during 
therapy. 


Haematological parameters 
No abnormalities in these parameters were observed during treatment with CyA. 


Cyclosporin A blood levels. Of the 13 patients whose CyA blood levels were assessed using the 
polyclonal antibody assay, the mean value was 498 ng/ml. Two patients had mean blood levels 
greater than 800 ng/ml, and both had mean blood levels above 400 ng/ml using the monoclonal 
antibody assay. Both had previously received methotrexate, and one of them was the youngest 
patient with normal liver function tests. 

The mean CyA blood level for all 44 patients in this study using the monoclonal antibody 
test was 207 ng/ml. Four patients had mean blood levels greater than 400 ng/ml, which is 
considered toxic. Three of these patients had previously received methotrexate and the fourth 
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was consuming excessive quantities of alcohol. Taus, impaired liver function may have played 
a role in causing these high levels. Al) four of these patients developed hypertension. Treat- 
ment was discontinued in two of these patients anc another was the patient who died. 








Cyclosporin A blood levels and tyspertenston 
Patients who developed hypertension had a mean Cy.A blood level of 258 ng/ml compared with 
143 ng/ml (P < 0.01) in those who remained mormotensire. 


Correlation between dose and bwed levels 

There was a good correlation betwen these two variables. In those patients receiving 3 
mg/kg/day or less, the mean blood level was 142 mg/ml] whereas, in those taking more than 3 
mg/kg/day. the mean blood level was 206 ng’m!? GP < o-az). 





DISCUSSION 


This study has shown that a relatively low cose of Cy A can produce a substantial improvement 
in over 90°; of patients with severe persistent pserasis. The drug appears to clear the psoriasis 
of all patients but, if the dose required is greater than 6 mg/kg/day, hypertension and renal 
impairment (that is, a + §0°, reduction im the GER? are likely to occur. In addition, higher 
doses of CyA (over 6 mg/kg/day) are more likely to induce lymphomas than are lower doses 
(below 6 mg/kg/day).* 

Another finding of this study is that, in over 5c, of patents, a satisfactory clinical improve- 
ment can be maintained with 3 mg‘kg, day or .2ss. The question arises as to whether it is 
justifiable to continue treatment with CvA if hypertension and impairment of renal function, 
as judged by a reduced GFR, occurs. At preserz. there is no long-term treatment for severe 
psoriasis which is not without some risk. The advantage of CyA is that the risks of hypertension 
and nephrotoxicity can be monitored and the drug diseontinued if they are severe. It is 
reassuring that even in patients who have been taking CyA for periods of 2-4 years, hyperten- 
sion and low GFRs revert towards normal values on stopping the drug. If possible, measuring 
GFRs rather than relying on a greater than 30", rise in serum creatinine is a better indicator 
of renal function. A number of petients kave showa abnormally low GFRs without a significant 
rise in serum creatinine levels. 

The long-term risk of malignancy with low-dose CyA has still to be evaluated in patients 
with psoriasis. In transplantation studies, the rmk of developing malignancies with this drug 
is no greater than with other drugs used for immunosuppression.’? The risk of malignancy 
increases with time and, thus, careful monitoring of patients is mandatory. Only three of the 
44 patients in this study have developed malignamcies, and the one patient who developed four 
skin neoplasms had received long courses of PUYA and methotrexate before the CyA treat- 
ment, both of which may have been contributorr. 

In conclusion, long-term CyA treatment has been shewn tc be effective in maintaining 
control of psoriasis in the majority of patients. Showever, doses greater than 5 mg/kg/day are 
not recommended for long-term treatment. As expected, hypertension and nephrotoxicity 
were the most common side-effects. If significamt rises in blood pressure cannot be controlled 
or if the GFR shows a progress ve decrease below the lower limit of normal, then treatment 
should be discontinued. 
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Efficacy of cyclosporin A in psoriasis: a summary 
of the United States’ experience 


M.S.FRADIN, C.N.ELLIS AND J.J]. VOORHEES 
Department of Dermatology, University of Michigan Medical Center, Ann Arbor, Michigan, U.S.A. 


SUMMARY 


Since its discovery in 1972, cyclosporin A (CyA) has been widely used in the experimental 
treatment of multiple inflammatory diseases considered to be of immune-mediated aetiology. 
In dermatology, oral CyA is most effective in the treatment of psoriasis and has been used 
successfully for plaque-type, pustular and erythrodermic forms of the disease. While dosages 
ranging from I to 14 mg/kg/day have been used, a starting dose of 4 mg/kg/day gives a rapid 
response with few side-effects. Nephrotoxicity remains the greatest concern in long-term use 
of the drug. Although intralesional CyA has proven effective in psoriasis, topical preparations 
have not. It is hoped that future research will provide effective topical formulations of CyA 
which are efficacious without the risks inherent in systemic administration. 


Cyclosporin A (CyA) is a cyclic polypeptide of fungal origin that was discovered in 1972. Due 
to its marked immunosuppressive effects and lack of myelotoxicity, the drug rapidly became 
the mainstay of therapy for organ transplantation. In recent years, the drug has been used in 
the experimental treatment of rheumatoid and psoriatic arthritis, insulin-dependent diabetes 
mellitus, inflammatory bowel diseases, myasthenia gravis, Grave’s disease and uveitis.’ 

Cyclosporin A has been used as the sole therapy for psoriasis,”° alopecia areata,” '° Behcet’s 
disease, ™™? atopic dermatitis,’?’4 pyoderma gangrenosum'*” and lichen planus.” In com- 
bination therapy with other immunosuppressive drugs, CyA has been shown to have a benefi- 
cial effect in the treatment of dermatomyositis/polymyositis,”"”? systemic lupus erythema- 
tosus,”*** pemphigus and pemphigoid.*’”* 

In dermatology, the most dramatic effect of treatment with CyA is seen in psoriasis. Mueller 
and Herrmann” made the fortuitous discovery in 1979 that plaque-type psoriasis cleared in all 
four patients who received the drug for psoriatic arthritis. Van Hooff ez al. * reported a renal 
transplant recipient whose psoriasis cleared after initiation of CyA treatment. 

The first controlled study to evaluate the efficacy of CyA in psoriasis was done by us in 1986.’ 
‘Twenty-one patients were enrolled in a double-blind cross-over study. All patients had severe 
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plaque-type psoriasis which hac been recalcitrant tc treatment with topical corticosteroids, 
anthralin (dithranol) and tar as well as to ultraviolet B (UVB), oral psoralen and ultraviolet A 
(PUVA), or methotrexate. Patients received eitker placebo or CyA at a dose of £4 mg/kg/day. 
Within 4 weeks of therapy, 20 ef 21 patients gwen the drug showed significant to complete 
clearing of psoriasis. The patients who received piacebo showed no response prior to cross-over 
to active drug treatment. 

In an open study, Wentzell ec al?’ noted marsec improvement to complete ceearance in 14 
patients given CyA at 5-15 mg.kg/day for 1 memath. These excellent responses were seen in 
patients regardless of whether they had pustulec. erythrecermic or plaque-type psoriasis. 

Multiple studies conducted both m Europe asd in the U.S. have now shown that low-dose 
CyA can induce clearing of psoriasis. Marks®* «treated mine patients who had plaque-type 
psoriasis with a starting dose of 1 mg/kg day ef CyA, mereasing the dose every 2 weeks as 
necessary, until improvement was noted or up to a maximem dose of 5 mg/kg/day. Within 20 
weeks, all nine patients showed improvement, and clearance was achieved in seven. The 
average dose required for a clinical response wes 3:3 mg/kg/day. 

Griffiths et al.4 treated 10 patrrents with CyA st 2-4 mg/kg/day for 3 months and concluded 
that the lowest effective dose of the drug was 3 mg/kg/dav. Fry et al.” found that they were 
able to maintain near-complete remission of psoriasis in eight patients, who were followed for 
up to 66 weeks, using CyA dosages of 1-4 mg/kg day. Memardi and Bos* induced remissions 
of psoriasis in 12 patients with a mean dose of 6 mg/kg/day. On reducing the dose of the drug, 
each patient had a dose level of CyA below which a flare of psoriasis was inevitable. This dose 
threshold ranged from 1-6-7 me/kg;day which, for a given patient, varied with time. Picascia 
et al.’ used a starting dose of CvA of 7:5 mg/kg, day to treat three patients whose plaque-type 
psoriasis had failed to respond to other systemtic therapies. Two of these patients cleared 
completely within 3 weeks and one was cleared by 8 weeks. One patient has been maintained 
on 3°5 mg/kg/day while the other two have been successfully switched to PUYA therapy or 
etretinate and UVB while maintaining good ccmtrol of their disease. 

We conducted a dose-finding double-blind plecebo-comrrolled trial using CyA in the treat- 
ment of severe recalcitrant psoriasis.” Eighty-five patients were enrolled in the first phase of 
this study, during which patienzs received either placebo, 3 mg, 5 mg or 7:5 mg/kg/day of the 
drug. Within 1 month of therapy, the percent <mprcevement frem baseline in each group was 
0%, 42°, 61% and 79°,, respectively, for each dose group. By Week 8 of therapy, the 
percentage improvement was ~ 5°%. 54%, 82°. and 93°, respectively. In order to achieve a 
greater than 90%, clearance by Week 16, 60°. of patients taking 3 mg/kg/dey required an 
increase in dosage compared wath 25°, of those nthe § mg/kg/day dosage group and 13% of 
those receiving 7°5 mg/kg/day. Dosage reducmon for side-effects or signs cf toxicity was 
necessary in 0°,, 0%, 5%% and 33°, of cach grea:p respectively. In general, thesdrug was very 
well tolerated and side-effects were similar to chose reported in others taking CyA. 

We suggest that CyA at 4 mg/kg/day may be the dest starting dose as this can be expected 
to produce a significant improvement within 1-2 momths of therapy with minimal risk of 
short-term toxicity. If an increase in dosage s required, most patients can be expected to 
tolerate 5 mg/kg/day, at least for several weeks to months. 











al’ treated two patients whe had erythrodesrmic pscriasis with CyA at approximately 8 
mg/kg/day; complete clearance was noted in both patients within 3 weeks. After clearance was 
achieved, one patient was maintained on CyA 2 mg kg day and had plaque-type psoriasis on 
less than 20°, of her body. The second patien: was comtrolled with PUVA therapy and CyA 
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at 1-7 mg/kg/day.” Meinardi et al.” reported successfully treating a patient with generalized 
von Zumbusch pustular psoriasis using CyA at 5-12 mg/kg/day. We treated one patient, who 
had a 30-year intermittent history of pustular psoriasis, with CyA at a starting dose of 7:5 
mg/kg/day. Due to his excellent clinical response, we were able to gradually taper his dose 
to 1-5 mg/kg/day over 5 months. A mild flare of disease at this dose required a gradual dosage 
increase of 3:5 mg/kg/day, which again resulted in a remission. 

A recalcitrant case of acrodermatitis continua cleared for the first time in 10 years after 
therapy was initiated with CyA at 14 mg/kg/day, followed by gradual tapering to a dose of 5 
mg/kg/day.” Six patients with palmoplantar pustulosis showed a dramatic improvement with 
CyA at 2-5 mg/kg/day. We treated two patients who had acrodermatitis continua with CyA 
at 6 mg/kg/day.” One patient cleared completely and the other showed no new pustulation 
within 8 weeks of initiating therapy. 

Intralesional CyA can be effective in the treatment of plaque-type psoriasis. Ho et al.” 
conducted a double-blind trial of six patients with plaque-type psoriasis which compared 
intralesional injections of CyA (17 mg/ml), vehicle and saline which were given three times per 
week. Within 4 weeks, significant improvement to complete clearing was seen in all CyA-treat- 
ed plaques in contrast to vehicle- or saline-treated plaques, which showed minimal to no 
improvement. Both the solution of CyA and its vehicle caused pain on injection in all the 
patients, apparently as the result of the vehicle rather than the drug itself. In contrast, CyA 
administered once weekly was no better than its vehicle in improving the plaques of psoriasis. 
Systemic absorption of the drug was negligible, suggesting that CyA need not be given 
systemically to be effective in the treatment of psoriasis. Similar results were also found in a 
study of ro patients.” 

In contrast, topical CyA has, so far, been ineffective in the treatment of psoriasis. In a 
placebo-controlled study, Griffiths et al.* treated six patients twice daily for 4 weeks with a 2% 
CyA ointment. No difference was noted in efficacy between the drug and placebo. In an open 
trial, we treated 10 patients with a 10°, CyA solution, which was also found to be ineffective,” 
and a similar lack of response was noted in six patients treated with a 5% topical CyA 
solution.** Bousema et al.” found 10°, topical CyA gel to be ineffective. 

Schulze et al.** treated six patients in a placebo-controlled trial using a 5% CyA ointment, 
under plastic-film occlusion, for 2-3 weeks. Immunostaining revealed a marked decrease in the 
number of infiltrating neutrophils in the epidermis and papillary dermis, but no change in the 
helper/suppressor T-cell ratio. Despite drug levels in CyA-treated plaques comparable to 
those observed in patients given oral CyA, no change in epidermal cell kinetics was noted after 
topical application of the drug, and no clinical improvement was seen. This is in contrast to 
our study of intralesional CyA in which a clinical response was preceded, in many cases, by a 
significant reduction in the number of antigen-presenting cells, epidermal and dermal mono- 
cytes, and keratinocyte intercellular adhesion molecule-1 expression.” 

It is not known why topical CyA formulations have been ineffective in the treatment of 
psoriasis. The clearing in response to intralesional CyA demonstrates that systemic administra- 
tion should not be required for efficacy. The failure of psoriasis to improve in response to 
topical applications of the drug may be due to an inadequate concentration of the drug reaching 
the necessary site(s), poor percutaneous absorption,” rapid redistribution of the drug, drug 
inactivation or by non-specific binding to proteins in the skin. 

The discovery of CyA in 1972 and the subsequent demonstration of its marked efficacy in 
psoriasis have ushered in a new era of both research and therapy for this chronic disease. The 
dramatic effects of CyA in many dermatological diseases has not only provided new therapeutic 
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opened up new avenues of research. I: is hoped that. in the future, effective CyA topical 
formulations or oral analogues with less toxicity wall be discovered. 
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The Netherlands 


SUMMARY 


This is a review of the clinical studies performed so far in The Netherlands of the treatment 
of psoriasis with cyclosporin A (CyA), a selective immunosuppressive drug that has caused a 
major breakthrough in transplant medicine. Data derived from a double-blind placebo- 
controlled study (5 mg/kg/day of CyA), dose-finding studies (2:5 mg vs 5 mg/kg/day and 1 mg, 
2 mg or 3 mg/kg/day), and long-term treatment of chronic plaque-type psoriasis (1-1-7-2 
mg/kg/day) suggest an initial starting dose of 3 mg/kg/day irrespective of the severity of the 
disease. Long-term treatment brought about dose- and time-dependent (reversible) side- 
effects, including renal dysfunction and hypertension. Efforts to reduce the dose included 
concomitant administration of drugs known to have anti-psoriatic efficacy. Only combination 
with topical steroids appeared to add to the clinical efficacy of CyA, but did not allow a dose 
reduction sufficient to restore renal function. Dose reduction through intermittent treatment, 
however, postponed exacerbations sufficiently to permit at least partial normalization of serum 
creatinine levels. A similar effect was seen in the treatment of pustular palmoplantar psoriasis, 
which responded to doses of 1:1~6-1 mg/kg/day. 


On the basis of the results of cyclosporin A (CyA) in clearing the skin lesions of psoriasis,’ 
a systematic evaluation of the drug was started in 1985. Because of the dose-dependent 
side-effects of nephrotoxicity and hypertension, and the possibility of developing tumours, 
treatment with CyA was initially restricted to the more severe forms of psoriasis. Unfortunate- 
ly, as topical CyA preparations appeared to be ineffectual in the treatment of psoriatic skin 
lesions, studies of alternative treatment regimes using reduced doses of CyA were carried out. 
Furthermore, patients were selected to determine whether the less severe forms of psoriasis 
required doses sufficiently low to avoid the side-effects of severe hypertension and renal 
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dysfuction. These studies showed that the dosage necessary 1o induce and maintain a remission 
did not correlate with the extent of the disease. 


TREATMENT OF CHROMIC PLAQUE PSORIASIS WITH CYCLOSPORIN A 


In 1985, the first five patients with severe chronic plaque-type psoriasis were treated in 
Rotterdam in an open prospective study with § mg/kg/day (range 3:6-7'4 mg) of CyA for 8 
weeks.’ An almost complete rermssion was cbtasned in three patients. Three other patients 
showed a substantial improverment in their nails and ene patient had a striking smprovement 
in the symptoms of severe psoriatic erthropathy. A mild and reversible hypertension was 
observed in two patients and, in ene cf these, there was evidence of mild renal dvsfuction. No 
other important side-effects were observed, 

Based on these findings, a doube-biinc cross-over, placebo-contrelled study was carried out 
in Rotterdam and Amsterdam’ which included 2 patænts with severe chronic plaque psoria- 
sis. Phase I of this study comprised a double-blind comparison of 4 weeks of CvA treatment 
vs placebo, followed by a cross-over period during which those previously taking placebo 
received CyA for a further 4 weeks. 

As two of the placebo-treated patients dropped out of the study, a total of 18 patients were 
evaluated. All 18 had received a mean dose of +6 mg/kg/day of CyA for 4 weeks (Phase I). 
Nearly complete remission was seen m four ¢22~.,) of these patients at the end of this period, 
and a reduction of more than 75°“, in the Psoriasis Area anc Severity Index (PAST)’ score was 
observed in 15 (83°). 

In the following 8 weeks (Phase ID, the dose required to maintain a remission was 3 
mg/kg/day on average. Side-effec's inchided mile hypertension in five patients, aching muscles 
in five, fatigue in two, mild hypertricnosis in twe males, headache in one, mild gynaecomasty 
in one male, tremor in one, gastrointestinal complaints in one end verruca vulgaris in one. 
Subsequent withdrawal of treatment “Phase I1) resulted in a relapse in all but one of the 
patients within 4-12 weeks of stepping the drug. 

This study, while establishing «he efficacy ef low-dose CrA in severe forms of psoriasis, also 
showed that this and the side-effects were dose-dependent (Phase II) and that, in these 
patients, the skin lesions would secur soon alter the crug was stopped (Phase II). A further 
argument for establishing the lowest efective dose of CyA is to avoid immunosuppression that 
may facilitate an accelerated expression of tuneours induced by other treatments, such as 
ultraviolet light (UVB), psoralen photochemotkerapy with UVA PUVA), methotrexate or 
arsenic. 








Maintenance studies 
In a study’ to establish the dose required to maintain long-term remission in severe forms of 
psoriasis, 12 patients were selected who had extensive but stable chronic plaque psoriasis. All 
the patients in the study were treated with an initial dose of s mg/kg/day of CyA, which was 
gradually reduced according to the climical ef&cacy. The doses required to maintain a remission 
ranged from 1-1-7-2 mg/kg/day meer. s mg’kg day). Improvement or worsening of the skin 
lesions was seen as early as the third day. The closer the dose was to the minimum maintenance 
dose, the slower were the changes achieved. 

During maintenance treatment, six of the patents developed mad hypertension within an 
average of 20 weeks (range 4-49 weeks), anc seven patients showed an increase in the serum 
creatinine of greater than 30°% over taeir baseline values within an average of 16 weeks (range 
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3-22 weeks). To reverse these adverse effects, the dose was reduced but, in three patients, the 
dose was insufficient to control their psoriasis. In these patients, the effective long-term 
suppression of skin lesions was not feasible without inducing serious adverse effects. 

An attempt to reduce the maintenance dose of CyA involved these 12 patients and an 
additional group of 14 similarly psoriatic patients who had received identical treatment with 
CyA. Two different treatment strategies were used. The first involved the addition of another 
anti-psoriatic treatment and the second was intermittent CyA treatment used as monotherapy. 

In the first treatment strategy, oral CyA was combined with either UVB, anthralin (dith- 
ranol), potent topical corticosteroids or etretinate. The corticosteroids proved to be of value, 
but only to a limited extent, and these combinations were not able to prevent an exacerbation 
of the psoriasis nor allow a reduction of dosage sufficient to reverse either hypertension or renal 
dysfunction. No improvement of clinical efficacy was seen with a combination of CyA and 
bromocriptine nor with domperidone, although this latter agent was able to reduce gastrointes- 
tinal discomfort. The lack of additional effectiveness with the combination of CyA and 
etretinate was confirmed by Heule er al.’ 

Side-effects arising during a mean maintenance treatment period of 19-5 months (range I-37 
months) were assessed as a function of dose, and hypertension was observed in 2/5 patients 
treated with doses below 2 mg/kg/day, in 1/10 treated with 2~3 mg/kg/day, and in 5/11 treated 
with doses over 3 mg/kg/day. Renal dysfunction was observed in 2/5 patients receiving doses 
below 2 mg/kg/day, in 7/10 receiving 2-3 mg/kg/day and in 9/11 receiving doses over 3 
mg/kg/day. In addition to being dose-dependent, the side-effects also appeared to be related 
to time. Other adverse effects included hyperkalaemia (12/26), tremor, myalgia (5/26), hyper- 
trichosis (4/26), gastrointestinal upset, fatigue, headache and severe gingival hyperplasia 
(1/26). 


Intermittent treatment schedule 

When daily maintenance treatment was interspersed with treatment three times a week (using 
the same dosage as for daily treatment), reversal of CyA-related side-effects was observed and 
sufficient efficacy maintained for 3—20 weeks (mean 7 weeks). After that time, to avoid a serious 
recurrence of disease, patients returned to a daily treatment schedule for a few weeks. 

The thrice-weekly treatment was also used in six patients in an attempt to induce remission 
(using doses ranging from 5 to 8-5 mg/kg/day of treatment). Within 6 weeks on average, PASI 
scores showed 85°% reductions. Remission was maintained without adverse effects during the 
48 weeks of the study.’ 


Nordic multicentre dose-finding study 

The Nordic multicentre, open, uncontrolled study was begun in 1987 to test the efficacy, safety 
and tolerability of CyA in the induction and maintenance of remission in severe chronic plaque 
psoriasis. The study was divided into three phases: (I) induction of remission; (II) maintenance 
of remission; (IIT) reversibility of CyA-induced side-effects after withdrawal of the drug. The 
PASI scores had to be at least 18. 

The starting dose of CyA was 2-5 mg/kg/day which, for the non-responders (reduction of 
PASI score < 10%), was raised to 5 mg/kg/day at Week 4 or Week 8 of treatment. At Week 
12, patients were classified as responders if reduction in PASI score was > 75%. Patients still 
not responding were re-entered into the study with a starting dose of CyA 5 mg/kg/day while 
responders continued taking 2-5 mg/kg/day until the end of Month 12, unless there was a 
relapse. Patients receiving 5 mg/kg/day were ‘weaned’ through a gradual reduction in dosage 
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to 2-5 mg/kg/day by the end of Month 6. During Months 13—15, all patients were weaned from 
CyA. Patients responding to 2-5 mg/kg/day had a mean PASI score reduction of 60%, while 
those receiving 5 mg/xg/day had a mean decrease of &5°.,. 


The Multicentre 1-2-3 Study 

The Multicentre Study OL 8021 ‘the so-called 1-2-3 Study) was designed to investigate CyA 
requirements in patients with mild-to-moderate csoriasis. All were resistant to topical treat- 
ment and would have otherwise been treated with PUV.A/UVB or retinoids. The OL 8021 was 
an open prospective study in which patients were treated for 6 months with oral CyA followed 
by a treatment-free period of 3 months. The stucy included 106 patients of both sexes with 
chronic plaque psoriasis and all were started on oral Cy“ at a dose cf : mg/kg body weight/day. 
If, by the end of the first month cf treatment, clinical mprevement was insufficient, the dose 
was increased to 2 mg/kg/day. If umprevement wes then still cons.dered insufficient, the dose 
was increased to the maximum of 3 mg/kg/day. H nc satisfactory anti-psoriatic efficacy was 
obtained with 3 mg/kg/day, the patient was withdrawn from the stady. 

After an active-treatment period of 6 months, therapy was stopped and patients observed for 
a further 3 months or until skin ‘esions became intolerable. The cknical efficacy of the CyA 
treatment was measured using the PASI score anc an additional 8-point scale of mprovement 
in skin lesions over the baseline condition. Using this scale. a treatment success was defined 
as a marked improvement (2/8) or total clearing (1 8) cf the skin lesiens; otherwise, the clinical 
response was considered insufficient. 

Five of the 106 patients were withdrawn from tie study because of a lack of clinical 
improvement. Many patients reported that consicerakle motivation was required to continue 
taking CyA according to the protocol. 

Although the results are preliminary, in this group of patients the amount of CyA required 
was somewhat lower than that requirec for the mere severe forms of psoriasis. In spite of this, 
approximately 70°, of these patients required 3 mg/kg/day, and approximately 25% required 
2 mg/kg/day to induce and maintain remission. As measured by the PASI, the 1 mg, 2 mg and 
3 mg/kg/day groups did not differ in either inzal severity of skir lesions or in the clinical 
improvement obtained with CyA treatment, a clear inCacation that the required amount of drug 
cannot be predicted by the PASI score. As treatment with 3 mg/xg/day was not known to be 
more likely to induce adverse effects than 2 mg/kg, day, this study suggests that treatment may 
start with 3 mg/kg/day of CyA, regardless of the severity of the psoriasis. 





TREATMENT OF PESTULAR PSOR ASIS WITH C¥YCLOSPORIN a 


In the trials mentioned so far, pustular forms of psormsis have been excluded. Although CyA 
does not appear to have a direct effect on neutrepils, there is the possibility that, through the 
complex cytokine-mediated interaction betweer. T cels, keratinocytes and endothelial cells, it 
may indirectly suppress pustulation. 

Indeed, in a patient with von Zumbusch generalized pustular psoriasis, high doses of the 
drug (12 mg/kg/day’ suppressec pustuletion although, in two cther similar cases,'’'* lower 
doses (7 mg and 8 mg/kg/day) were ineffective. However, wher prednisone 10 mg/day was 
added to the CyA 8 mg/kg/day treatment, the skia lesions were cempletely cleared. Such high 
dosages of CyA inevitably produce side-effects such as hypertemsson and rena! dysfunction, 
especially when the treatment is long-term. Iz pustular psorias:s, therefore, CyA should 


or for cases where hepatotoxic drugs are contraiadicated. 


Oral CyA in psoriasis 31 
In a prospective open study of the clinical efficacy and tolerability of CyA, seven patients 
with persistent pustulosis palmaris et plantaris (PPP) were treated with oral CyA.” Clinical 
efficacy was assessed on a semi-quantitative o-4-point scale for erythema, desquamation, 
induration and pustulation. Long-term CyA treatment (mean 19 months, range 5-38 months) 
was effective at doses ranging from 1-1—6:1 mg/kg body weight/day. Side-effects included renal 
impairment (1/7, controlled by a slight reduction of the dose), nausea (3/7), hypertrichosis (2/7) 
and tiredness (3/7). Rapid recurrence of the skin lesions was observed on withdrawal of the 
drug or when the dose was insufficient. 


RECOMMENDATIONS FOR TREATMENT 


These trials have produced impressive results in the treatment of psoriasis with oral CyA. 
However, the risk of adverse effects, such as hypertension, renal dysfunction and the possibility 
of producing tumours, should discourage its prolonged use. Cyclosporin A should not be given 
to patients with a history of frequent treatments with PUVA, UVB, methotrexate or arsenic. 

As 3 mg/kg/day of CyA does not produce more side-effects than 2 mg/kg/day, as indicated 
by the results of a study of mild-to-moderate psoriasis, treatment should begin at the higher 
dose. Treatment commencing with too low a dose would only impede improvement. After 2-4 
weeks, the dose can be adjusted according to the efficacy. Severe forms of psoriasis may require 
substantially higher doses, as much as 7 mg/kg/day, but such high doses should be allowed only 
in special cases and with frequent monitoring for adverse effects. Complete clearance of the 
skin lesions should not be the sole objective of treatment. 

Further clinical improvement may be achieved with CyA in combination with topical 
corticosteroids. If side-effects arise, the dose should be lowered by 0-5 mg/kg/day at intervals 
of 2 weeks. After withdrawal of treatment, skin lesions can be expected to recur between the 
third day and twelfth week. 
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Efficacy of low-dose cyclosporin A in psoriasis: 
results of dose-finding studies 


P.TIMONEN, D.FRIEND, K.ABEYWICKRAMA,* C.LABURTE, B.VON 
GRAFFENRIED AND G.FEUTREN 


Immunology Group and *Biostatistics Group, Department of Clinical Research, Sandoz Pharma Ltd, Basle, 
Switzerland 


SUMMARY 


The efficacy of cyclosporin A (CyA) in severe psoriasis was analysed in 457 adult patients 
included in five European multicentre dose-finding studies. Initial CyA doses were 1°25 
mg/kg/day in 33 patients, 2-5-3 mg/kg/day in 285 and 5 mg/kg/day in 139. After 3 months of 
treatment, the reduction of the Psoriasis Area and Severity Index (PAST) score was 35 + 6% 
with 1:25 mg/kg/day of CyA, 57 + 2% with 2.5 mg or 3 mg/kg/day and 86 + 2% with 5 
mg/kg/day (P < 0.001). The rates of success, defined by a PASI score reduction > 75% ora 
score <8, were 24%, 52°% and 88°, respectively. There were no differences in age, initial 
severity or duration of psoriasis. The improvement was maintained for 9 months or more in 
the majority of patients receiving continuous CyA therapy. 


The efficacy of cyclosporin A (CyA) in the treatment of psoriasis was recognized soon after it 
came into use. A dramatic improvement of skin lesions was observed in four patients in a pilot 
study of CyA in psoriatic arthropathy.’ This effect was later confirmed in other pilot" and 
controlied’** studies. Of major importance was the finding that low-dose CyA (less than 5 
mg/kg/day) was also effective.?!*'* 

Because of the potential risk of renal impairment associated with CyA, it was essential to 
identify the lowest effective dose of CyA."’ The relationship between dose and efficacy as well 
as the speed or duration of improvement was investigated in several multicentre studies 
initiated by Sandoz. This report presents the pooled analyses of these studies. In addition, this 
large series of patients provided the opportunity to investigate the influence of the patients’ 
baseline characteristics on the clinical response. 


PATIENTS AND METHODS 


This analysis included 457 adult patients (mean age 42 years, range 18~75) in five European 
multicentre dose-finding studies. All patients had severe psoriasis, defined by a PASI score 
> 18 (see below), for a mean duration of 14 years. The mean PASI score at inclusion was 2 5. 


Correspondence: Dr G.Feutren, Clinical Research/Immunology, Sandoz Pharma Ltd, CH-4002 Basle, Switzerland. 
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Cyclosporin A therapy 

The initial CyA doses (divided into two daily doses) were 1-25 mg/kg/day in 33 patients, 2'5 
mg or 3 mg/kg/day in 285, and 5 mg/kg/day in 13%. Treatment lasted for 3 months in the five 
studies and, in two of them, the patients with clirica: success after 3 months of treatment 
entered a maintenance period of continuous therapy for up to 12 months. 

Doses were adjusted on the basis of eficacy or recal dysfunction. In cases of inefficacy after 
1-3 months treatment, the dose was increased bur witheut exceeding § mg/kg/day. Whenever 
renal dysfunction was observed, defined as a serum «reatinine increase of more than 30°, over 
patient’s own baseline, the dose was reduced by 23-50%. 

Patients who started on 5 mg/kg’day of CyA entered the maintenance period at that dose and 
began 3 months of gradual reduction cf the dose t 2-5 mgykg/day. Patients who initially had 
success on 2:5 mg/kg/day continued on that dose: 





Evaluation of severity of psoriasts 
Evaluation of the severity of the disease was assessed in all studies by the Psoriasis Area and 
Severity Index (PASI)." This is a climical assessment of the area of the body affected and 
intensity of the three main lesions: erythema, cesquametion and infiltration. Each symptom is 
scored as absent (= 0), slight (= 1), moderare (= 2) or severe (= 3). The involved area is 
estimated and scored within a range of o% (scere = 0) to 9o=ro0?, (score = 6). The 
assessments are made separately for four differemt areas of the body and, using a simple 
mathematical procedure, a single figure emerges. Thus, a PASI score may describe either very 
severe lesions over a relatively small area of the body, or less severe lesions but over a larger 
area. To reduce the variability among the assessors, special PASI training sessions were 
organized in which all investigaters examined the same patient, compared the results and 
discussed the ratings if there wes a cisagreemen:. Success was defined as a PASI score 
reduction of 75% or more, or a score < 8. A relapse was defined by an increase of 50% or more 
over the score at the time of remission. 

In most of the patients, global assessments were made by the investigator and by the patient, 
using a scale of five degrees for efficacy: none, slig it, moderate, good or very good. 





Statistical tests 

Results are reported as means + SEM. In cases o° inefficacy or failure before Month 3, the 
last value was carried forward (intention te treat). The statistical significance of the difference 
between the groups was assessed by Sradent’s r-tex:. The frequency of abnormalities between 
groups was compared using Fisher’s exact test. 


RESULTS 


Comparison of PASI changes and globa: assessment 
A strong correlation was found between the changes of PASI score at Month 3 and the patient’s 


P9 


or investigator’s global assessmen: (Fig. 1). In patients who reported very good responses, the 
PASI score reduction was 89 + 1°, whereas, im cases of inefficacy, the PASI score was 
unchanged (an increase of 1 + 4°%). Of the patients who had PASI score reductions of 75% 
or more, 73% had a very good result. 25%, a geac result and 2% a moderate improvement. 


Interestingly, of the patients who had PASI score reductions of 50-74% and who were 
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OVERALL ASSESSMENT OF EFFICACY 
FIGURE 1. Percentage reduction of the Psoriasis Area and Severity Index (PASI) score according 


to the overall assessment of efficacy by the patient or the investigator after 3 months of treatment. 
Means + SEM. 


considered to be ‘failures’, the global assessment of efficacy was very good in 14° and good 
in §0%,. 


Induction of remission 

The percentage of PASI score reduction after 3 months of treatment was 35 + 6% with 1:25 
mg/kg/day of CyA, 57 + 2% with 2-5 mg or 3 mg/kg/day and 86 + 2% with 5 mg/kg/day (P 
< 0-001 vs all groups) (Fig. 2). Success rates at Month 3 were 24%, 52% and 88%, respective- 
ly (P = 0-001) (Fig. 3). Patients’ responses were also quicker, depending on dose, as the success 
rates after only 3 weeks of treatment were 6°, 10% and 35°% in the 1:25 mg, 2:5 mg or 3 mg 
and 5 mg/kg/day CyA dose groups, respectively (P = 0-001). The incidence of complete 
clearing of the psoriasis at 3 months was 0%, 3% and 17% for each dose group, respectively. 

Seventy-one patients had their CyA doses increased after 3 months from 2-5 mg to § 
mg/kg/day because of insufficient efficacy. The success rate after 3 additional months with § 
mg/kg/day was 77%. 

No significant difference in clinical response was detected according to age, gender, initial 
severity or duration of psoriasis with 2-5 mg (Table I) nor with § mg/kg/day of CyA. However, 
a slightly, but significantly, higher success rate was achieved in the absence of previous 
treatment with retinoids (P = 0-047) or methotrexate (P = 0-001) in the CyA 2'5 mg/kg/day 
group. No difference was seen with CyA at 5 mg/kg/day (Table 2). 


Maintenance therapy 
A subgroup of 72 patients was continuously treated with 2-5 mg/kg/day for 9 months after 
initial success at 3 months with that dose. Fifteen (21%) relapsed while receiving 2-5 mg/kg/ 


day of CyA after a mean treatment duration of 6-7 months. In a subgroup of 62 patients who wes 
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FIGURE 2. Percentage PASI score reductien according to dose in the first 3 months of treatment 
(intention to treat). Means + SSM; SIM = CyA. 


had success with an initial dose of § mg;kg/dav, CvA was gradually reduced over 3 months to 


2:5 mg/kg/day. Twenty (39%) of these 62 patients had a relapse at a mean dose of 375 
mg/kg/day after a mean duration of 7 menths of CyA treatment. 


DISCUSSION 


In the present study, the analysis o the efficacy was based on the changes of the PASI, a clinical 
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FIGURE 3. Cumulative success raze in the first 2 menhs of treatment according to Sandimmun® 
(CyA) dose. Success was defined as a PASI score reduction »s°, or a score of <8. 
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TABLE 1. Clinical response of psoriasis with CyA (2-5 mg/kg/day) according to baseline characteristics 


Seemee Á 


Success rate % PASI 
n (to) reduction 

Age <40 years 51/129 (40) 5543 
>40 57/120 (47) 60 + 3 

Gender Male 74/173 (43) 58 + 3 
Female 34/68 (50) 55 + 6 

PASI score S25 54/151 (36) 57 + 3 
> 25 44/90 (49) 59 + 4 

Psoriasis duration < 15 years 55/123 (45) 58 +3 
> i5 years §3/116 (46) 58 + 3 


Means + SEM after first 3 months of treatment. 
Success = PASI score reduction > 75% or a score of <8. 


score. Changes in this score correlated very well with the global evaluation of efficacy by the 
patient or the investigator. The PASI score reduction > 75%, used in the protocols to define 
a success, was equivalent to a good or very good response in 98%, of the patients. On the other 
hand, the PASI score underestimated the improvement in some patients, which is easily 
understandable as some particularly disabling sites, such as the face or palms, have only a 
limited contribution to the PASI score. Furthermore, in some cases of chronic and resistant 
psoriasis, a limited improvement may have been considered a very good response. Indeed, 
among the patients who were considered failures but who had a PASI reduction of 50-74%, 
the overall patients’ evaluation was good to very good in 64%. 

This pooled analysis confirmed the dose-response relationship with CyA doses at 1:25 mg, 
2:5 mg or 3 mg, and 5 mg/kg/day which was significant after only 3 weeks of treatment. Only 


TABLE 2. Clinical response of psoriasis according to previous therapy 


Senee 








CyA (2-5 mg/kg/day) CyA (5 mg/kg/day) 
Success rate %, PASI Success rate %, PASI 
n (%) reduction n (%,) reduction 
Methotrexate 
Yes 19/59 (32) 38 + § 27/31 (87) 84 + 
No 108/182 (59) 64 + 2 70/81 (86) 87 + 3 
Retinoids 
Yes 62/131 (47) 53 +3 51/58 (88) 87 + 2 
No 65/108 (60) 63 +3 46/54 (85) 86 + 3 


Means + SEM after first 3 months of treatment. 
Success = PASI score reduction > 75% or a score of <8. 
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a small number of the patients had a compiete elear:ng of psoriasis buz, as recently suggested,’ 
this should not be the goal of the treatment. The response rate was quicker and higher with 
CyA 5 mg than with 2:5 mg/kg/dey. However with this latter dose, 52%; of the patients had 
success by the third month. With CyA at 1-25 mg/kg/day, the improvement was very slow. The 
very significant response rate observed with 2-5 mg. kg/day indicates that this should be the 
standard starting CyA dose as it is accompanied t” s lew incidence of renal dysfunction.” In 
addition, 77°, of the failures with 2:5 mg/xg,;day showed success after increasing the CyA dose 
to § mg/kg/day. Hence, no tachypaylazis was observed in petients who started with low doses 
of CyA which were increased because of insufficrent efficacy. 

The rate of success with CyA at 5 mg, xg/day dic act differ accordimg to the patients’ baseline 
characteristics or previous therapies fcr psoriasis. However, a slightly lower rate of remission 
was observed with 2:5 mg/kg/day in pacients previeusly treated with methotrexate or retinoids. 
These patients may have been particalarly severely affected or res.stant to treatment as no 
relationship between CyA blood trough levels anc previous therapizs was detected.” 

Improvement of the psoriasis was maintained te the majority of patients taking a stable CyA 
dose. In the § mg/kg/day group, the agtempt to reduce the dose to 2-5 mg/kg/day resulted in 
a relapse in 39°, of patients. This relatively hagk incidence may be explained, at least in part, 
by the definition of relapse, which was an increase in PASI score cf 50%, over that at the time 
of success. In the patients with complete (or wearly) clearing, a minimal recurrence was 
considered a relapse. However, it is very likely that the maimtenance dose is very close to the 
minimum effective dose for inducing an improvement 

It is known from the early experierce with CxA im severe psoriasis’’ that a relapse occurs 
within weeks after stepping treatmen:, and that sontimuous therapy for as long as 3 years is 
required to maintain a response.“ Thus, it = essential to remain at the lowest effective dose 
for a given patient which, for the majority, showd be 2-5-3 mg/kg/day of CyA. 
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Cyclosporin A in atopic dermatitis 


J.S.ROSS AND R.D.R.CAMP 
St John’s Hospital for Diseases of the Skin and St Thomas’s Hospital, London, U.K. 


SUMMARY 


Over the past 10 years, oral cyclosporin A (CyA) has been used to treat a range of inflammatory 
and immunologically mediated dermatological conditions, but only psoriasis has been shown 
to be responsive in double-blind, controlled trials. Thirteen patients with severe atopic der- 
matitis were treated for up to 31 months. Ten patients had a good response, one patient a 
moderate response and two a slight response. In two of these patients, CyA was withdrawn 
after more than 2 years of continuous treatment because of increasing plasma creatinine levels. 
Cyclosporin A appears to be useful in the treatment of severe, therapy-resistant atopic der- 
matitis, but careful monitoring of side-effects and dose adjustments are required. 


Cyclosporin A (CyA) has been used to treat a range of inflammatory and immunologically 
mediated skin diseases.' However, double-blind placebo-controlled trials™ have confirmed 
that only in psoriasis is orally administered CyA therapeutically effective. There is now 
increasing uncontrolled evidence suggesting that CyA is useful in atopic dermatitis. In 1987, 
Van Joost et al.* reported favourable responses in two patients given low-dose CyA for 6-8 
weeks, Subsequently, Logan and Camp‘ found CyA to be helpful in two patients treated for 
5 and 11 months, respectively. In 1989, Taylor er al. described six patients with atopic 
dermatitis given CyA 6 mg/kg/day for 8 weeks. Five patients responded, four experiencing 
greater than 50% improvement within 4 weeks. One patient failed to respond and, of the initial 
responders, three flared during treatment. The authors concluded that CyA may be beneficial 
in some patients with atopic dermatitis. Two descriptions of the effectiveness of CyA in single 
cases of atopic dermatitis have also been reported.”® The experience in Newcastle-upon-Tyne 
in the U.K. is that CyA is highly effective in the majority of patients who have atopic dermatitis 
treated with oral CyA (S. Shuster, personal communication), although such findings have not 
been universal (K. Wolff, personal communication). 

This is a report of uncontrolled observations in 13 patients who had severe, therapeutically 
unresponsive, atopic dermatitis treated with CyA for I-31 months. 


Correspondence: Dr R.Camp, Institute of Dermatology, St Thomas’s Hospital, Lambeth Palace Road, London SEr 
7EH, U.K. 
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TABLE 1. Clinical data of r3 patients given Cya for severe atopic dermatitis 


PUTT TL snre Thar team AAN NR AAAA AAAA 


“reagent 


Patient durction Previeus Global 
number Age Gender “mort hs} treatwment response 
I 40 l a SS Good 

2 64 F s SS, AZ, PUVA Good 

3 38 F pes PUYA Good 

4 30 M = SS, AZ, PUVA Good 

S 60 M zs S5, AZ, PUVA Good 

6 39 M ü — Good 

q 36 M % SS, AZ, PUVA Good 

8 18 F 3 UV3 Slight 

9 20 F " SS, PUVA Slight 
10 26 P 3 PUYA Moderate 
ll 25 M i SS. PUVA Good 

12 31 M 2 = Good 

13 37 M { SS Good 


SS, systemic steroids; AZ, azathioprim:. 


PATIENTS 


Over the past 4 years, 13 adult patients ‘six females andiseven males; age range 18-64 years) have 
been treated with low-dose CyA (2-6 1g. kg/day). All patients fulfilled the diagnostic criteria of 
Hanifin and Rajka for atopic dermatitis.’ All patients hed failed to respond to conventional treat- 
ment with emollients, topical ster@ids anc oral ant: nistamines, and ail but one had been admitted 
on at least one occasion for intensive topical therapy. Al were judged to have sufficiently severe 
disease to justify treatment with CyA. Eight patients had received at least one course of systemic 
corticosteroids, four had received oral azathioprine, ard eight had undergone PUVA photoche- 
motherapy (Table I). This treatment was not contitiuedbecause of unsatisfactory clinical respon- 
ses or, ina minority, because of the occurrence o> side-effects. 

With one exception, none of the patsents had a 2istor” of hypertension, or renal, liver or malig- 
nant disease, and none was receiving drugs consicered to interfere with the pharmacokinetics of 
CyA. The exception was a 65-year-old female with severe atopic dermatitis who had, 20 years 
previously, undergone cone biopsy followed ty hysterectomy for apparent intraepithelial 
cervical neoplasia. Gynaecological examinatior. had, however, revealed that she was free of 
genital disease. 


Cyclosporin A treatment was begun im eight catieats in the outpatients’ clinic and these 
patients were seen at I- to 2-week intervals for 4-6 weeks. In the remaining five patients, CyA 
treatment was begun during a period of admissicn tc hospital. Once stabilized, patients were 
seen at 4-week intervals. Starting doses of CvA varied from 2 to 3 mg/kg/day and were given 
in divided doses except for three patients who toox once-daily doses. Maintenance doses 
ranged between 2:5-6 mg/kg/day (averege 4 mg/kg/cay) and were the lowest dosages able to 
maintain adequate disease control. Most patients, -herefore, had some residual degree of 
dermatitis because of this therapeutic principle ef usiag the lowest possible maintenance dose. 
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Patients were encouraged to use emollients and topical steroids, and oral antihistamines and 
antibiotics were prescribed when necessary. 

Monitoring of side-effects was carried out at each visit and comprised blood pressure 
estimation, urinalysis, full plasma biochemical screening including creatinine, urea, electro- 
lytes, uric acid, alkaline phosphatase and alanine transaminase. Creatinine clearance measure- 
ments have been performed at intervals of approximately 3 months in the last 18 months. 
Whole blood trough CyA levels were determined regularly at the outset, but were subsequently 
carried out infrequently as the dosage of CyA was determined by clinical response and 
monitoring of side-effects. These studies were not company-sponsored, but were funded by the 
National Health Service as part of normal patient care. 


CLINICAL RESPONSES AND SIDE-EFFECTS 


Within 1-4 weeks of starting CyA treatment, all patients showed some improvement in the 
extent and severity of disease and degree of pruritus. On global assessment, this improvement 
was judged to be good in 10 patients, moderate in one and slight in two (Table I). Nine patients 
responded dramatically with substantial improvement noted within 1 week of starting treat- 
ment. In the remaining four patients, improvement (although only slight in two cases) was 
noted after 2—4 weeks. 

Whenever possible, the dose of CyA was reduced to the minimum effective level. In two patients 
(numbers 8 and 9 in Table I), the response to treatment was only slight in spite of an increase in 
CyA dose to 6 mg/kg/day. In both patients, 12-hour trough blood levels of CyA were low with this 
dose (54~87 ng/ml, monoclonal antibody radioimmunoassay). These observations were inexplic- 
able as neither patient was receiving drug treatment known to interfere with the pharmacokinetics 
of CyA. In view of their only slight responses to treatment, CyA was stopped after § and 7 months 
inthese two patients, respectively. One patient subsequently improved while receiving traditional 
Chinese herbal remedies, but the other was lost to follow-up. 

CyA was stopped in two patients (numbers 4 and 5 in Table I) after 25 and 31 months, 
respectively, because of progressive increases in plasma creatinine. Plasma creatinine levels did 
not fall substantially following reduction of CyA dose (Figs 1 and 2), and the lower doses were 
associated with worsening of the dermatitis. Patient number 4 (Table I) was subsequently 
controlled with oral prednisolone (maximum dose 15 mg/day). The prednisolone was gradually 
tapered and stopped after 7 months. The patient then remained in remission without treatment 
other than emollients, and was discharged from follow-up. The other patient (number § in 
Table I) required re-admission to hospital for intensive topical treatment because of an 
erythrodermic flare. PUVA photochemotherapy was successfully reintroduced and, at the time 
of writing, has provided adequate control for 6 months. In both of these patients, plasma 
creatinine levels returned to baseline within 4-5 months of stopping CyA. 

One patient (number I in Table I) stopped CyA treatment after 9 months during a period 
of disease quiescence while on holiday and, since then, has been able to maintain adequate 
disease control with topical steroids. At present, the remaining eight patients are continuing 
with CyA therapy. Seven have been considered to be well controlled, and one (number Io in 
Table I) moderately so. 

Three patients have required treatment with oral nifedipine for CyA-induced hypertension. In 
one case, this was changed to atenolol because of side-effects and insufficient control. Significant 
infection was encountered in only one patient (number § in Table I), who developed a low-grade 
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FIGURE I. CyA dose, plasma creatinine and diastctx bloed pressure levels in patient number 4 
during 31 months of CvA trea:menz. 


staphylococcal! folliculitis of both forearms which was. unresponsive to repeated courses of flu- 
cloxacillin. This problem was present both before and during CyA therapy, but cleared after CyA 
was stopped. No cases of herpes simplex infectiowwereencountered. 


COMMENT 


Low-dose oral CyA appears to have been effective im inducingclinically usefulimprovementin 11 
out of 13 patients with atopic dermatitis. These pat.ents.all had severe disease, and CyA appeared 
to be more beneficial than previous reg.mes in all but two cases. Cyclosporin A was subjectively 
well tolerated and, in the majority, wes associated with substantial improvement within 1 week. 

These results are encouraging and, in the U.K., a multicentre randomized, double-blind, 
placebo-controlled, cross-over spudy of CyA in stopie dermatitis is nearing completion. The 
safety of short- and long-term CyA in atopic dermatitis also requires further assessment. At 
present, its use should be restricted te patients with severe disease unresponsive to convention- 
al treatment and for whom PUVA phctechemotherapy is unsuccessful, contraindicated or not 
possible. To our knowledge, CyA hes not been used in the treatment of children with severe 
atopic dermatitis. Careful monitering and adjustment of dosage to the lowest effective level are 
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FIGURE 2. CyA dose, plasma creatinine and diastolic blood pressure levels in patient number 5 
during 26 months of CyA treatment. 


essential in all cases. The exclusion criteria and other guidelines outlined elsewhere in this 
supplement regarding the use of CyA in psoriasis should, as far as possible, be strictly followed. 
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Side-effect profile of cyclosporin A in patients 
treated for psoriasis 


P.KRUPP AND C.MONKA 


Drug Monitoring Centre, Clinical Research, Sandoz Pharma Ltd, Basle, Switzerland 


SUMMARY 


This is a review of the side-effects of cyclosporin A (CyA) in patients with severe psoriasis; 
renal dysfunction and hypertension are discussed elsewhere. In particular, paraesthesia, hyper- 
trichosis, gingival hyperplasia and gastrointestinal disorders may occur, but are generally 
transient, mild-to-moderate in severity and only rarely require discontinuation of CyA. Infec- 
tions are not a problem. As expected with an immunosuppressive drug, there is the possible 
risk of tumour development, particularly squamous cell carcinomas. However, these skin 
malignancies developed almost exclusively in patients previously treated with PUVA and/or 
methotrexate. The few lymphoproliferative disorders regressed spontaneously on discontinua- 
tion of the drug. Whether the isolated cases of solid tumours were CyA-related is not known. 
Apart from a raised serum creatinine, an important indicator of renal dysfunction, the laborat- 
ory abnormalities included hypomagnesaemia, hyperkalaemia, increased uric acid, changes in 
liver function tests, and fluctuations in the serum cholesterol and triglyceride levels. Although 
most of these changes were not clinically relevant, laboratory monitoring of patients with 
psoriasis treated with CyA is essential. 


Recent clinical investigations have shown that cyclosporin A (CyA) is effective in the treatment 
of severe psoriasis.” Rapid improvements have been observed with doses of 2-5-5 mg/kg/ 
day.** This review concerns the adverse effects in a large series of patients with psoriasis treated 
with CyA. The data are the pooled results of therapeutic trials conducted by Sandoz Pharma 
Ltd. The effects of CyA treatment on renal function and blood pressure are not discussed as 
they are comprehensively reviewed elsewhere in this supplement.>* 


PATIENTS AND METHODS 


The data are primarily based on 11 clinical studies assessing the effectiveness and safety of CyA 
in the treatment of patients with severe psoriasis. A total of 631 patients were treated with an 
initial daily dose ranging from 1:25~5 mg/kg/day. Only 15 patients were treated with doses of 


Correspondence: Professor P.Krupp, Clinical Research, Sandoz Pharma Ltd, CH-4002 Basle, Switzerland. 
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TABLE I. Adverse events reported* m (Cy/.-treated psoriatic patients 





Pavieats with adverse events 


Symptoms n we 

Paraesthesia 49 IDI 
Hypertrichosis 30 6.8 
Headache 28 63 
Gingival hyperplasia 19 4°3 
Nausea 17 3:8 
Fatigue ry 2-5 
Abdominal pain 10 23 
Diarrhoea 9 z'o 
Dyspepsia Q 2:0 
Asthenia R r8 
Back pain gi 1:6 
Muscle cramps 7 1-6 
Peripheral oedema 6 t4 
Tremor 5 DI 
Vomiting 5 ri 
Gastrointestinal complaints 5 I'l 





*Incidence > 1%. 
Number of patients treated = 422; duratier of treatment = r2 weeks; CyA dose = 2-5~5 mg/kg/day. 
Whether each of these events is CyA-related is act known, 


up to 7:5 mg/kg/day. In most studies, the dose was adjusted according to the efficacy and/or 
the occurrence of renal or hepatic dysfunction, amd the treatment period was 12 weeks. 
However, two studies included long-term follow-up of patients receiving maintenance treat- 
ment for up to 16 months. 


RESULTS 


Adverse events 

Table I presents the adverse events ooserved in patients treated with daily doses of 2-5-5 
mg/kg/day, the recommended range of CyA. However, four types of adverse events are not 
included: renal dysfunction anc hypertension essocated with CyA treatment ‘reviewed else- 
where); infections and malignancies (discussed separately below:. Only those side-effects with 
an incidence greater than 1°, are listed. 

Most of the side-effects associated with CyA were not considered severe by the reporting 
physician. Only rarely did these manifestations result in discontinuation of the drug. Several 
adverse events, in particular headache, nausea, fatigue and gastrcintestinal disorders, were also 
reported in the placebo group. 

Paraesthesia, often described as a burning sensation of the hand, and tremor usually occurred 
during the first weeks of treatment ard subsequencly disappeecred without reduction of the 
daily CyA dose. The aetiology of these neurologica side-effects remains unknown, although 
hypomagnesaemia as the resul: of CyA-~induced reral dysfunction may be responsible.’ The 
cause of hypertrichosis is also unknown, and there is no evidence of any endocrine abnormal- 
ity.’ Likewise, the aetiology of gingival hyperplasie due to fibrous hyperplasia’ has not been 
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TABLE 2. Infections reported in CyA-treated psoriatic patients 


Patients with mfections 
Symptoms n % 
Skin 
Folliculrtis 10 16 
Verrucae Fi II 
Dermatitis 5 og 
Herpes simplex 2 OF 
Herpes zoster I 02 
Mycotic infection I 0'2 
Other 4 o6 
ENT and respiratory tract 
Upper respiratory tract 48 76 
Inftuenza-like symptoms 45 7I 
Bronchitis 7 T'I 
Pneumonia 2 03 
Otitis media 2 03 
Others 
Candidiasıs of the mouth I or2 
Orchutis I 02 
Urinary tract infections I 02 


Number of patients treated = 631; duration of treatment = up to 16 months; CyA dose = 125-7: mg/kg/day. 
Whether these infections are CyA-related 18 not known. 


established. Gastrointestinal disorders, including nausea, dyspepsia and diarrhoea, were fre- 
quently reported, but were seldom severe. 

The drug was stopped because of side-effects in 37 out of 631 CyA-treated patients. Apart 
from renal dysfunction, hypertension, infections and malignancies, the reasons for discontinu- 
ing were: gastrointestinal disorders, including nausea, in three patients; hypertrichosis in two 
patients; back pain of unknown aetiology in two patients; and a transient ischaemic attack in 
two patients. Of the latter two, one presented with severe arteriosclerotic plaques and, in the 
other, the cause of the ischaemic incident was not established. 

In a further six patients, discontinuation of treatment was due to myocardial infarction, acute 
cholecystitis, jaundice associated with renal dysfunction, scotoma, monoclonal immuno- 
globulin peak, and paraesthesia developing at I, 2, 4, 8, 13 and 15 weeks, respectively, after 
starting treatment. Except for the paraesthesia, the causal relationships of these single events 
remain questionable. 


Infections 

‘These are not a particular problem in CyA-treated patients with psoriasis, and their reported 
incidence is shown in Table 2. Skin infections, such as folliculitis, are known to occur more 
frequently in patients with psoriasis, and infections involving the upper respiratory tract or 
producing influenza-like symptoms occurred primarily during the winter months. Only three 
patients discontinued the drug because of an infection. 
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The controlled studies showed no difference betweea CyA-treated patients and those receiv- 
ing placebo or etretinate in the frequency of infectioms. In all cases, if spontaneous recovery 
did not occur, stopping the drug and/or appropriate management led to rapid resolution of the 
infection. 


Malignanctes 

A total of 842 patients with psoriasis received CyA in the Sandoz Pharma clinical study 
programme; six patients developed malignant or pre-malignant ckin lesions (three squamous 
cell carcinomas, one squamous and basal cell carcinoma, one basal cell carcinoma and one 
Bowen's disease). Solid organ tamours were cbserved im six further patients, namely, car- 
cinomas of the bladder, cervix, color, thyroid amd oral mucosa, end a lymph nede metastasis 
of an unknown primary tumour. Im addition, five patients developed lymphoproliferative 
disorders; three were histologically benign and limited te the skin, one was a B-cell lymphoma 
and one a cutaneous T-cell lymphoma. 

Four other patients who also developed malignancies (three squamous cell carcinomas of the 
skin, one breast cancer) were being treeted in clinics independent of the Sandoz Pharma clinical 
study programme. 

These malignancies were considered unlikely to be CyA-reiated by the investigator or 
reporting physician. The details of these patients ave given in Tables 3 and 4. The mean ages 
of the patients who developed skin ard solid organ tumours and lemphoproliferative disorders 
were 51:8 and 50:8 years, respectively. The latter were detected ater an average of 3-3 months 
(range 0-5~6 months), and the skin and other rumcurs developed after an average of 11-2 
months (range 2-30 months). 

The crude incidence rates were o 7, for both skn cancer amd solid organ tumours, and 
02°, for lymphomas, based only on the results of patzencs in the Sandoz Pharma clinical study 
programme. However, to calculate the true incidence. the number of patients taking the drug 
is required and this is not known for treatment outside of the Sandoz programme. All patients 
were included in the calculations regardless of whetaer the event was CyA-related so that these 
figures are significantly higher taan they would otherwise be. 

Almost all of the patients who developed skin cancer had previeusly received treatment with 
other known carcinogens, including PUVA, UVB or methotrexate, and the skin tumours may 
have developed independently. The skin cancers were not aggressive and surgical excision was 
curative. The majority of the lesions were smal! and may enly have been detected because of 
the careful and intensive examinaticrs of the skin by the specizglists involved in these trials. 

The three cases of benign cutaneous lemphoproliferative disorders and the B-cell lymphoma 
regressed rapidly on discontinuatior. of CyA. The letter was polyclonal, and its rapid rever- 
sibility in this early state is well known from Cy A-trezted transplant patients.” The relation- 
ship of the T-cell lymphoma (mycosis fungoides) :o C7A treatment was questionable as this 
type of malignancy also developed in a patient receiving placebe. The investigators involved 
with these cases suggested that carly lesions may have beer present on entry to the study, but 
were unrecognized. Whenever atypical lesions are seen. whether before or during CyA treat- 
ment, a biopsy of the lesion sheuld be performed. 


Laboratory abnormalities 

The laboratory abnormalities found in patients ducimg CyA treatment are summarized in 
Table 5. Except for serum creatinsne—dciscussed efsewhere in this supplement*—only the 
abnormal laboratory parameters are inc.uded. All cata were obta.ned during the first 12 weeks 
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TABLE 4. Lymphoproliferative disorder:* arising with Cv: treatment in 842 patients participating in the Sandoz 
Pharma Ltd clinical study programme 


LNT TOT ELL NTT TN NOAIE AR: ANTICO OM NAAN E CTO nS sa A ANAAO AAAA aR 


Duration of 





Age ireatment 
Type n Gender {years} Previous them py Smronths) Discontinuation Outcome 
T-cell lymphoma I M 2) PUVA, ES Yes Spontaneous 
etrerirate regression 
B-cell lymphoma I F cia! Topical treawgner 6 Yes Spontaneous 
regression 
Benign lymphocytic 3 M 36-§8 Unknown, O§-4°5 2 yes, I no Spontaneous 
infiltration PUVA + MIX, regression 


etretinate 
DNOTANI MAMADAMINOV TTT TTT TEE 


"The causal relationship has not beer established. 
PUVA = photochemotherapy; MTX = me hoerexate. 


of CyA treatment. The limits beyond which v: 
each parameter. 


sues were considered abnormal! are given for 





Haematology. During CyA treatmen:, the percentage of patients with low haemoglobin con- 
centrations increased slightly. These changes were independent of other haematological 
changes. A slight normochromic anaemia is a recognized side-effect of CyA."?"* The changes 
in the white blood cell count, seen only in a ‘ew patients, occurred mainly in those with 
intercurrent infections. A decrease in platelets was aiso seen only in a few patients and was 
clinically asymptomatic. 


Biochemistry. The protocol of mast of these stucies required a reduction or discontinuation of 
the daily CyA dose if serum potassium, bilirutw and/or transaminases exceeded the upper 
normal limits. 


Renal function. Only four parameters of rena. function were analysed: serum magnesium, 
serum potassium, serum urea amd seram uric acid. An increase in the latter may result from 
CyA-induced renal dysfunction which, in turn, may lead to hypomagnesaemia, hyperkalaemia 
and an increase in urea. 

At baseline, only a few patients showed abnermalities of serum magnesium and potassium. 
During CyA treatment, the percentage of patients with low magnesium or high potassium 
concentrations increased to a maximum of 8-8°,, amd o 5%, respectively. The changes in serum 
potassium were related to neither inital dose mer duration of treatment. Doses were adjusted 
whenever serum potassium leve's increased. Im contrast. the frequency of hypemagnesaemia 
was clearly dose-dependent. 

Increased levels of urea and uric acid were alseady resent in 1-3°, and 2-6%,. respectively, 
of the patients at baseline. During CyA treatesent, the incidence rose to §-4% and 8-7%, 
respectively. However, gouty attacks were reperted in only four out of 631 patients. These 
increases were dependent on the dose, but not curation, cf trearment. 









Hepatic function. The laboratory tests relating to hevatic function included serum albumin, 
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TABLE $. Laboratory abnormalities in CyA-treated patients with psoriasis 


ere 


Duration of treatment (weeks) 


Parameters Abnormal Ro Cee Se ee ae eee 
limits Baseline I~-4 Q~12 
Haematology 
Haemoglobin: M <87 ra 553 101 Ir4 12-8 
F <75 mmol/i 
WBC < 3200/mm3 566 o2 o6 03 
Platelets < 100,000/mm?3 548 O o 0'3 
Biochemistry 
Renal function 
Potassium >56 mmol/l 571 o2 Os O 
Magnesium <09 mmol/l 471 II 8-8 2'4 
Urea >20% auni 227 1-3 5-4 S'I 
Uric acid: M > 506 pmol/l) 499 26 8-7 5-8 
F > 406 pmol/l j 
Liver function 
Albumin < 10%, binl 322 a) 37o Oo 
Alkaline phosphatase >25% aunl $70 373 46 a 
Bilirubin >25% aunl S71 rI 43 47 
Gamma-GT > 25%) aunl 334 4'8 45 2°4 
SGOT > 25%, aunl §70 2-5 25 57 
SGPT > 25°% aunl 347 Ig SI 13 
Metabolism 
Cholesterol > 20%, auni 262 ig 6-7 56 
Triglycerides > 20%, aunl 262 9'9 236 169 


aaaea 


aunl = above upper normal limit; bin! = below lower normal limit; n = number of patients examined; Gamma-GT 
= gamma-glutamyl transpeptidase; CyA dose = 1-25~-7°§ mg/kg/day. 


alkaline phosphatase, bilirubin and three transaminases. As already mentioned, an increase of 
the latter two required dose adjustments according to the study protocols. During treatment, 
3% of patients showed low albumin concentrations, an effect which was not related to time. 
This decrease in albumin concentration may have contributed to the development of the 
oedema in some of the patients taking CyA. Approximately 8°, of patients receiving CyA 
showed increases in alkaline phosphatase which was apparently related to time, but not to dose. 
Only in an exceptional case was an increase in alkaline phosphatase observed in combination 
with an increase in bilirubin and/or SGOT or SGPT, suggesting that the increase in alkaline 
phosphatase was not hepatic, but related to an osseous isoenzyme. This finding has been 
described for renal transplant recipients treated with CyA,"5 although the pathogenesis and 
clinical relevance of these alkaline phosphatase changes remain unknown. 

A greater number of patients taking CyA had increases in serum bilirubin levels and these 
changes were dependent on the initial dose, but not necessarily on the duration of treatment. 

In a few patients, at least one of the transaminases were already elevated at baseline and, 
during treatment, these values rose and required an adjustment of the daily dose of CyA. The 
number with abnormal liver function tests was related to the dose, but not necessarily to the 
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TABLE 6. Mean changes in serum cholestero! and triglycerides in CyA-treated patients with psoriasis 
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12 weeks of treatment; pooled data; s = number cf paticns. 
*Initial doses. 


duration of treatment. No clear pattern was discernible involving the transaminases in associa- 
tion with elevation of the bilirubin. In seme patients, the increase cf one of the transaminases 
occurred in isolation and/or was transient. For several patients with concomitant increases in 
bilirubin and transaminases, these changes were not related to CyA, but due to ethanol intake. 
No patient was withdrawn from CyA treatment because ef abnermalities of liver function. 
However, in one patient the drag was discontinuec because of jaundice, but this was not 
drug-related. 


Metabolic functions. The effect of CyA or. blood lipids was investigated in a total of 262 patients. 
The parameters examined were serum cholestere! anc triglycerides. These were determined in 
patients who were not on a special dies and were not always performed under fasting con- 
ditions. At baseline, approximately 2°. of patients showed increased cholesterol levels and 
approximately 10% had elevated triglyceride levels. 

During the first weeks of treatment, the number of patients who had abnormal cholesterol 
and triglyceride levels increased. However, the number showing an increase of cholesterol of 
more than 20%, above the upper normal limits remained essentially unchanged during the 


during the first 4 weeks of treatment, but gradually decreased thereafter. Further analysis 
produced the following results, 

1. After 12 weeks of treatment, the average imcreeses in cholesterol and triglycerides over 
baseline were dependent on the initial dose (Table 6°. In patients receiving 5 mg/kg/day, the 
average increase in cholesterol and trighycerides.cver baseline was 10°,, and 22°.,, respectively. 
In patients treated for up to 48 weeks, the twe lipids did not increase further. This indicates 
that, after an initial rise with CyA, chclestero! and triglyceride Ievels stabilize. 

2. Assessing the CyA-treated patients individually. cholesterol blood levels varied over time. 
Except in one patient, no gradual and continueus increase in cholesterol level was observed, 
and the triglyceride levels showed a similar pattern. 

3. No association was observed beween the increases in cholesterol and triglycerides. 
Patients who had high cholesterol and triglyceride levels did not increase further during CyA 
treatment. There was no association between the extent of the increases in the two lipids and 
rises in diastolic blood pressure. However, the latter analysis dic not consider a possible bias 
due to antihypertensive therapy. 

4. In the few patients who were examtined 12 weeks after the end of treatment, the average 
cholesterol and triglyceride levels approached Saselme values. 
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DISCUSSION AND CONCLUSIONS 


The adverse events observed in patients treated with CyA for severe psoriasis are very similar 
to those of transplant patients treated with CyA."° Paraesthesia and tremor as well as hypertri- 
chosis, gingival hyperplasia and gastrointestinal disorders were the most common side-effects. 
These were usually transient and in only a few cases was the drug discontinued. Serious 
adverse events such as epileptic seizures and haemolytic—-uraemic syndrome, seen occasionally 
in transplant patients treated with CyA, were not reported in the psoriatic patients. Infections 
were not a particular problem. | 

However, there are problems regarding safety with the CyA treatment of psoriasis, and these 
are renal dysfunction, hypertension and a possible increase of malignancies, in particular, 
squamous cell carcinomas of the skin and lymphoproliferative disorders. According to ex- 
perimental data, CyA is neither mutagenic nor carcinogenic.'”"* However, it is suspected that 
the incidence of tumours in CyA-treated psoriatic patients is higher than in the normal 
population. This may be associated with any drug possessing immunosuppressive action. The 
squamous cell carcinomas occurred almost exclusively in those patients previously treated with 
PUVA and/or methotrexate. These tumours can be detected early by physical examination, 
and the chances of a cure are good following cessation of CyA and institution of conventional 
antitumour therapy. The lymphoproliferative disorders regressed spontaneously on stopping 
CyA. 

Apart from serum creatinine, an important indicator of renal dysfunction in association with 
CyA treatment,’ the observed changes in laboratory parameters were generally not relevant 
except for changes in electrolytes and uric acid. This, however, is not unexpected as they may 
result from renal dysfunction. The changes in liver function tests were reversible and there 
were no clinical symptoms of liver toxicity. The changes in cholesterol and triglycerides 
showed wide fluctuations over time in individual patients and were, in all cases, reversible. As 
lipid determinations were not carried out under strictly controlled conditions, the clinical 
relevance of these findings remains unclear. Extensive laboratory monitoring is required 
during CyA treatment of patients with psoriasis. If relevant abnormalities are detected, 
treatment should be adjusted accordingly. 
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Renal function and blood pressure in psoriatic 
patients treated with cyclosporin A 


G.FEUTREN, K.ABEYWICKRAMA,* D.FRIEND AND B.VON GRAFFENRIED 


Departments of Immunology and *Biostatistics, Clinical Research, Sandoz Pharma Ltd, Basle, Switzerland 


SUMMARY 


Serum creatinine and blood pressure were measured in patients who had severe psoriasis and 
who were treated with cyclosporin A (CyA) in initial doses of 1-25 mg (7 = 34), 2°5 or 3mg 
(n = 314), or 5 (n = 215) mg/kg/day. Of the 563 patients involved, 201 were treated for more 
than 3 months, and 100 received CyA continuously for 12 months or more. Sixty-eight 
additional patients were included as controls and received placebo (7 = 42) or etretinate (n = 
26). At doses of 275 and 5 mg/kg/day, CyA induced slight but significant dose-dependent 
increases in serum creatinine and blood pressure. Creatinine increases of 50°, or more over 
baseline values were detected in 4°% of the patients receiving 2-5 mg/kg/day and in 13% of 
those receiving § mg/kg/day. After an initial rise during the first weeks of treatment, mean 
creatinine level remained stable over 1 year provided that the CyA dose was reduced whenever 
creatinine levels increased by 30⁄4 or more over baseline. The incidence of hypertension was 
10°6%, and did not vary whether the CyA dose was 2-5 or § mg/kg/day. The first elevated blood 
pressures were recorded early after starting CyA therapy (median: 1 month). However, 3 
months after stopping treatment, the increases in creatinine as well as in blood pressure were 
reversible and the levels did not significantly differ from baseline values. 


Cyclosporin A (CyA) has proved to be effective in inducing remission of severe psoriasis.'” 
Although low-dose CyA is effective, the quickest results are obtained with a dose of 5 
mg/kg/day.2> However, the use of CyA is limited by the occurrence of renal dysfunction. A 
decrease in glomerular filtration rate and renal plasma flow, resulting in an increase of serum 
creatinine and urea, is the most frequent adverse event. Renal dysfunction is dose-dependent, 
but little is known at present of the incidence and intensity of this side-effect when using 
moderate or low doses of CyA over long periods of time. The same applies to hypertension. 
It has been shown that the risk of developing irreversible structural alteration in the kidney or 
of irreversible renal dysfunction is closely dependent not only on the dose, but also on the 
intensity of CyA-induced renal dysfunction.” Therefore, information on CyA-associated 
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renal dysfunction and hypertension is essential fer determining the risk:benefit ratio of the 
drug in psoriasis and for selecting the best therapeutic strategy. 

This paper presents a pooled analysis cf the charges in serum creatinine and bleod pressure 
for I year or more in a large series o7 CyA-treated >dsoriatic patients in therapeutic trials 
conducted by Sandoz. 


PATIENTS AND METHODS 


Six-hundred and thirty-one adult patents were mcluced (mean age: 43 years; range: 18-70). 
All were participants in 10 studies involving more than so dermatology departments in Europe, 
and all had severe psoriasis as definec 3y a Psoriasis area and Severity Index (PASI)’ score 
>18. The mean PASI score at inclusion was 25 and :he duration of psoriasis was 14 years. 


Treatment 


Controls. Of the 631 patients, 68 were ncluded in-cont:ol groups of four double-blind studies. 
In three of these studies, the controls received placebc (n = 42) and, in one study, etretinate 
(n = 26). The duration of placebo treatment was 1 month whereas, for etretinate, it was 3 
months. The etretinate dose was ¢-75 mg/kg/day for 2 weeks, follewed by 0-50 mg/kg/day for 
6 weeks; patients were then ‘weaned’ over a further 4 weeks. 


Cyclosporin A dose. Cyclosporin A wes administered t> 563 patients at a maximum dose of 5 
mg/kg/day. Apart from 10 patienzs who participated m the early pilot studies, patients were 
randomly allocated to a dose group in either placepbo-controlled or epen dose-finding studies. 
The initial CyA dose (divided into two daily doses) was 1:24 mg/kg/day in 34 patients, 2-5 or 
3 mg/kg/day in 314 patients, anc 5 mg/kg/day im 213 patients. The CyA dose was further 
adapted according to efficacy ard renal dysfunctiom In cases of inefficacy, the dose was 
increased, but without exceeding 5 mg;kg day, after 1-3 months of treatment. Thus, for each 
patient, only the period before tne cose increase was considered for analysis of creatinine 
changes in relation te dose. In cases of renal dysfunc ion, defined as a creatinine increase of 
more than 30°, over patient’s own baselme, a CyA dose reduction of 25-50%, was required by 
study protocols. 


Duration. All trials consisted of induction and pe«t-treatmem: observation periods of 3 months 
each. Treatment was, however, shorter in cases of persistent inefficacy or serious adverse 
events. Two studies were designed tc include long-term maintenance CyA treatment (12-16 
months) in patients showing clinica success. These two long-term studies involved 361 
patients of the 563 receiving CyA. Cyclosporin A trzatment was for 4 or § months in 201 
patients, 6 months in 183, 9 months in 1§9 and 12 months or more in 100 patients. Eighty-three 
patients who started with CyA at 5 mg/kg/day entered the maintenance period at that dosage 
before beginning a 3-month tapering of the dose to reech 2-5 mg/kg’day; 77 patients receiving 
2:5 mg/kg/day continued at that dosage. Forty-one pat ents, who had initially failed to respond 
during the induction period with CyA at 2-5 mg/kg dey, had clinical success on increasing the 
dose to § mg/kg/day. During the maimtenance phase, these patients followed the same treat- 
ment-tapering strategy as those taking s mg/kg/day. If a patient relapsed, the dose was again 
increased to 5 mg/kg/day for the remeinder of the maintenance period. Because of these many 
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dose adjustments, no clear dose-effect relationship with renal function and blood pressure 
could be analysed during the maintenance period. The results were reported for the whole 
group with the mean CyA dose administered. 


Post-treatment observation. In 100 patients, serum creatinine was measured for 3 months after 
stopping the CyA treatment, which had been preceded by a 1-3-month tapering period. Of 
these 100 patients, 45 had received CyA for 3 months or less, 24 for 4-6 months, 15 for 7-12 
months, and 16 for 12 months or more. The blood pressure was measured in 75 patients. 


Creatinine measurements 

Evaluation of CyA-associated renal dysfunction was based on serum creatinine levels, and the 
results expressed in two ways. In one, the concentration of serum creatinine was reported. This 
classical evaluation lacks precision as an estimate of true renal function [glomerular filtration 
rate (GFR)] as each patient’s weight (muscular mass), height, gender and age must also be 
considered. Several formulas for GFR estimation from serum creatinine have been reported, 
but none has proved to be completely reliable.'°"* Another method was to evaluate the changes 
in serum creatinine concentration by comparing creatinine levels before and during CyA 
treatment. The results were expressed as the percentage increase of serum creatinine over 
patient’s own baseline values. In addition to standardizing the changes of serum creatinine for 
each patient, this calculation also avoided the interlaboratory variations of creatinine measure- 
ment. 

In the first 3-month induction period, serum creatinine was measured every week for the first 
month and then at the end of Weeks 6, 8 and 12. Instead of a value taken at a fixed time-point, 
the maximum serum creatinine concentration (or increase) with CyA treatment was selected 
as a key parameter. This was because renal dysfunction was often transient as the dosage was 
reduced each time it occurred. The maximum value during the treatment period for each 
patient was thus a true reflection of renal dysfunction. 

As already mentioned, not all patients received 3 months of CyA treatment as some discon- 
tinued the treatment because of clinical inefficacy. Thus, the last creatinine value measured 
during the induction period was selected for analysis instead of the creatinine level at 3 months. 
During the maintenance and 3-month post-treatment periods, serum creatinine was measured 
every 4—6 weeks. 


Blood pressure 

During the induction period, modifications in systolic or diastolic blood pressure were ex- 
pressed as changes in mm Hg in comparison with baseline measurements. The incidence of 
abnormal blood pressure was recorded in patients who participated in the two long-term 
(induction plus maintenance) studies which lasted for more than 3 months. This was because 
one of the criteria for defining hypertension was the persistence of elevated blood pressure for 
at least 4 consecutive months (see below). 

Elevated blood pressure was defined according to the World Health Organization (WHO) 
definition (systolic BP > 160 mm Hg or diastolic BP > 95 mm Hg).’* However, in the studies 
reported here, blood pressure was measured only once, after a few minutes rest, at each clinical 
visit whereas the WHO definition requires the mean of three measurements to determine true 
blood pressure levels. If a patient showed persistently elevated blood pressures (at two conse- 
cutive visits with an interval of 1 month between each visit), the protocols recommended 
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FIGURE 1. Maximum creatinine in the first 3 mowmis of treatment according to Sandimmun® 
(CyA) dose, serum creatinine concentration (lewer) awd percentage increase over baseline 
(upper). The o mg/kg/day group inchided placebe oe erretinate (s = 26) Means + SEM.¢) = 
number of patients. 


starting antihypertensive therapy. This was much stricter than the WHO recommendations for 
antihypertensive therapy, which ere based on dizstolic blood pressure (mean mm Hg of three 
measurements: > I05 at one visit; Or 100-105 at two visits with an interval of 1 month; or 95-99 
at four visits with an interval of 4 mornths}.** Oni» these latter patients were considered in this 
paper to have hypertension. Not «ll of the patients taking CyA who received antihypertensive 
therapy for the first time fulfilled the WHO criteria fer starting such medication. Therefore, 
results were analysed separately zccovding to each of the two criteria. 


Statistical tests 

These results are reported as means + SEM. The statistical sigrdficance of the difference 
between the groups was assessed using Student’s «test, and the frequency of abnormalities was 
compared between groups using Fisker’s exact te 








RESULTS 


Creatinine 





Josporin A mcuced a slight, bet significant, dose-depen- 
dent increase of the serum creatinne (Fig. 1). In the controls. the r-aximum creatinine increase 
above baseline was 10 + 1%. This change cam be explained bv the slight changes in the 
patient’s metabolic status from ore visi 1 by technical variations in the measure- 


Induction period (initial 3 months; Cyc 





it tc another ar 
ment of creatinine. Assessment of the maximum creatinine levels over a specific period of time 
will reflect the maximum technical variat.ons in such measurement. 
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FIGURE 2. Incidence of renal dysfunction during the first 3 months of Sandimmun® (CyA) 
treatment according to dose. The o mg/kg/day group included placebo or etretinate (n = 26). 


Creatinine levels increased by 15 + 3° (not significant vs controls) with CyA 1-25 mg/kg/ 
day, by 17 + 1% (P < o-o1 vs controls) with 2:5 mg/kg/day, and by 25 + 1% (P < o-oo! 
vs controls and vs the 2-5 mg group) with § mg/kg/day. Corresponding concentrations of serum 
creatinine were 92, 96 and 102 pmol/l on average respectively. 

In the control group, nine patients (13°) had serum creatinine levels which exceeded the 
uppermost limit of normal (for the corresponding laboratory), but none exceeded 130 mol/l. 
No patient exceeded the normal value with CyA 1:25 mg/kg/day, but 30 patients (10% ) taking 
2-5 mg/kg/day and 52 patients (24°%,) taking 5 mg/kg/day showed levels above normal. Serum 
creatinine concentrations greater than or equal to 130 pmol/l were detected in 3% of the 
patients taking CyA 2-5 mg/kg/day and in 9°% of those receiving 5 mg/kg/day. During this 
period, no creatinine level above 200 pmol/l was detected. 

The incidence of renal dysfunction was also reported according to the percentage increase 
of serum creatinine above baseline values (Fig. 2). In the control group, no patient had an 
increase equal to or greater than 50%, whereas such an increase was found with 13 patients 
(4%) receiving CyA 2-5 mg/kg/day and 28 patients (13° ,) taking 5 mg/kg/day. Because of the 
various dose adaptations, changes in serum creatinine were lower than maximum at the last 
visit: o + 1% in controls; 5 + 4% in the CyA 1:25 mg/kg/day group; 5 + 1% in the 2-5 
mg/kg/day group; and 11 + 1% in the § mg/kg/day group. 

Maintenance period (4—16 months), Mean creatinine increases were 12 + 1% after 6 months 
of treatment (n = 183) and9 + 2%, after 9 months of treatment (n = 159). The corresponding 
mean CyA doses were 3-3 mg and 3-2 mg/kg/day, respectively. One hundred patients were 
treated continuously for 1 year or more. The time course of mean serum creatinine for these 
patients, expressed as percentage increases over baseline, is summarized in Fig. 3. After a slight 
but significant increase in serum creatinine during the first weeks of treatment, no significant 
change was subsequently detected. However, the mean CyA dose was lower during these 4-12 
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FIGURE 3. Time course of serum creatinine inthe sabgroup of 490 patients continuously treated 
with SIM (CyA) for 12 morths or more. Means = SEM. The ccrresponding mean SIM 
dose/month is shown. 


months than in the first 3 months. Although nct sign:ficamt. the trend towards a higher mean 
creatinine level at 12 compared with 9 months may be due t an increase in CyA dose in some 
patients because of a recurrence of psoriasis. 


Post-treatment period. In a subset of 100 patiem:s, serum creatinine was measured in the 3 
months after stopping CyA treatment (Fig. 4} At 1, 2 and 3 months after stopping, the 
creatinine level was 4 + 2%,, 2 + 2%, and 2 + 2%, higher (not significant) than baseline, 
respectively. This course varied slightly according to the dese of Cy. In patients receiving 2-5 
mg/kg/day, the maximum and last creatinine messurements taker. during CyA treatment were 
lower than for those receiving 5 mg/kg/day. Comsequentir, the reversibility of the creatinine 
increase was quicker with CvA 2-5 mg/kg’day than with 3 mg/kg/day. 

Three months after stopping CyA, the changes in serum cceatirsine in comparison to baseline 
were similar to those observed at the last clinica. visit of the non-CyA-treated controls (Fig. 
5). Only four patients (4°,,) retaimed creatinime levels 30°., higher than at baseline and, in two 
of these, a wide variation in creatinine level was observed at the three post-treatment visits 
(ranging from — 5°% to §2°,) which was probaoly due to variebilitv in measurement tech- 
niques. The remaining two patients showec cemsistent increases in creatinine levels by 31°, 
(97 mol/l) and 47% (88 umol/D, respectively. Beth patients had received CyA at 5 mg/kg/day. 





However, it is not always easy to differentiate persistent renal dysfunction from slow nor- 
malization, which has sometimes been observed. or from am inaccurate baseline measurement. 


Blood pressure 


Mean values. After 1 month of treatment, sliget increases in ciastolic blood pressure were 
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FIGURE 4. Time course of serum creatinine in the 3 months after stopping SIM (CyA) treatment. 
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FIGURE §. Distribution of patients according to serum creatinine measured 3 months after 
stopping Sandimmun® (CyA) (n = 100) in comparison to values taken at the last visit in controls 
(n = 68). The controls included patients who received placebo as well as etretinate (n = 26). 
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FIGURE 6. Changes in diastolic blood pressureimm: Hg) m comparison to baseline after 1 and 3 
months of SIM (CyA) treatment according to dese. The o mg;-kg/day group included patients 
who received placebo as well as etretinate (2 = 26. Means + SEM. 


observed: 1 + 2 mm Hg with CyA r25 mg kge,day; 2-8 
s2 + 0-8 mm Hg with 5 mg/kgiday {P < œoz vs 2-5 mg/kg/dav) compared with a decrease 
of 1-8 + rs mm Hg in controls (P < oor vs vA 2-5 or § mg/g'day groups) (Fig. 6). No 
progression of the increase in diastolic blood pressure was seen berween 1 and 3 months, and 


changes in systolic blood pressure were simular. 


+ 0-6 mm Hg with 2-5 mg/kg/day; 


Hypertension. Of the 361 patients included in the long-term studies, 32 had elevated blood 
pressure at baseline and a further seven were already receiving amtzhypertensive medications 
before CyA starting treatment. 

Of the 322 patients who initially dic not have elevated bloed pressure, 34 (10-6"%) developed 
hypertension, nine of whom did not receive antihypertensive medication. This effect was 
independent of the initial dosage of CyA as the percentage of patients involved was 10% of 
those taking 2-5 mg/kg/day and 11-9”, of those takirg 5 mg/kg/day (mot significant). In this 
subgroup of 34 patients, no differences were seer: in blood pressure increases in relation to the 
dosages. Maximum mean systolic/diastolic boog pressure was 164/109 mm Hg with CyA 2°5 
mg/kg/day and 170/107 mm Hg with 5 mg/kz/dey (net significant). In these patients, the first 
elevated blood pressure measurement was takes very shortly after starting CyA treatment 
(median: 1 month). Only four of these 34 patierzs shewed no bleed pressure rises during the 
first 3 months of treatment. 

Of the 322 patients without elevated bleoc pressures initially, a total of 38 (11-8°) started 
antihypertensive therapy. Among these patients. antiaypertensive medications were inappro- 
priately prescribed for 13 who fulfilled neither the protocols mor the WHO criteria for 
antihypertensive therapy. No diference was observec according to the initial CyA dosages as 
the percentage of patients rece ving antihypertensive medications was 11°8° of the 221 
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TABLE I. Blood pressure before and 3 months after discontinuation of CyA treatment (means + SEM) 


ie 


Aamen 


Before CyA After stopping CyA 
Systolic Diastolic Systolic Diastolic 
(mm Hg) (mm Hg) (mm Hg) (mm Hg) 
Total (n = 75) 130 + 2 82 + 1 129 + 2 82 + 1 
Elevated BP at baseline 
Yes (n = &) 146 + 4 95 tI 138 + § 86 + 3 
No (n = 63) 127 + I 80 + I 127 + 2 81 +1 
Elevated BP with CyA 
Yes (n = 28) 134 + 2 86 + 1 137 + 2 86 + 2 
No (n = 47) 127 + 2 80 + I 124 + 2 7 +1 
Antihypertensive therapy and CyA 
Yes (n = 16) 132 + 2 87 + 2 139 + 3 88 + 
No (n = 59) 129 + 2 SI + I 126 + 2 80 + 1 


BP = blood pressure. 


patients who initially received CyA 2-5 mg/kg/day and 11-9%, in the 101 patients taking § 
mg/kg/day. 

Of the 32 patients who had elevated baseline blood pressure, 19 (§9°4",) had hypertension 
with CyA. However, of the seven patients already receiving antihypertensive medication before 
treatment (and therefore showing no rises in blood pressure at baseline), only one lost the 
control of hypertension on receiving CyA. 


Effect of antihypertensive therapy. Receiving antihypertensive medication (mainly calcium 
antagonists) while taking CyA resulted in a decrease in mean systolic/diastolic blood pressure 
from 156/102 mm Hg to 149/92 mm Hg, although the mean blood pressure was higher while 
taking antihypertensive medication concomitantly with CyA than at baseline (139/85 mm Hg). 
Blood pressure was well controlled by the antihypertensive therapy (systolic BP < 160 mm Hg 
and diastolic BP < 95 mm Hg) in 24 out of 38 patients (63°). 


Post-treatment visits. For the 75 patients whose blood pressures were measured after stopping 
CyA therapy, mean systolic/diastolic blood pressure was 129/82 mm Hg during the post-treat- 
ment period compared with 130/82 mm Hg before CyA treatment. Comparative analysis of the 
mean blood pressure values in the patients with or without elevated blood pressure at baseline, 
in those with elevated blood pressure on receiving CyA and in those who received antihyper- 
tensive therapy (Table I) revealed no differences between baseline and post-treatment values. 
Nine (12%) of these 75 patients had raised blood pressures before CyA therapy which was 
reduced to six (8%) patients after treatment was discontinued. 


Relationship between blood pressure and renal dysfunction. Renal dysfunction, defined as a 
maximum creatinine increase of 50% or more over baseline, was seen in eight (24%) out of 34 
patients with hypertension compared with 15 (5%) out of the 288 patients who had not 
developed hypertension on receiving CyA (P = 0-001). If renal dysfunction was defined as a 
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TABLE 2. Maximum creatinine increase and hypertensicn accerding to previcus therapies with or without 
retinoids cr methotrexate areans + SEM) 
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Creatinine increase 
(*.. over baseline) imcidence of hypertension” 


Pre-treatment No pre-treacrmert Pre-treatment No pre-treatment 
Retinoids 
2°5 mg/kg/day (n = 332)16 4 I n= FIO) T 
5 mg/kg/day (xn = 63) Br +) 
Total (n = 195) 21 + | 


12/107 {11%} 16/87 (114) 
8/53 (16%) 4/39 (10%) 
kot 20/125 (13%) 14/126 (TI Sa) 
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Methotrexate 
2-5 mg/kg/day (n = 60) 16 + 2 in = 182° 
§ mg/kg/day (n = 33) 28 + | Ra 
Total (n = 93) 20 + 2 in = 266: 


5/38 (13°) 17/157 (11%) 
; 52% (19°) 7/62 (11%) 
I 10/65 (45°) 24/219 (11%) 
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*Results of patients without elevated blood pressure at beseline. 


creatinine increase of 30°% or more over baseline, incidences were then 44°, and 18°, (P = 
©-O01), respectively. 


influence of previous therapies 

Information concerning previous therapies for psoriasis was available for 359 patients. During 
the induction period, no consistent eect of previous therapy with either methotrexate (n = 
93) or retinoids (n = 195) was seen in the extent sf creatinine increase over baseline nor in the 
incidence of hypertension (Table 2). 


DISCUSEION 


No detectable change in serum creatinine was observed with Cy“. 1-25 mg/kg/day in com- 
parison to placebo whereas the z5 and 5 mg/kg.cay doses resulted in a slight but significant 
dose-dependent increase. However, these changes were limited as the mean maximum creati- 
nine concentration was 96 raol lin the CyA 24 me’kg/day greap and 102 pmol/l in the 5 
mg/kg/day group during the first 3 months of testment, values which are within the normal 
range. Considering the patients individually, 3°... had creatinine levels greater than or equal to 
130 mol/l with 2-5 mg/kg/day, and 6”, with § mg/kg/day. Creatinine increases of more than 
50°, over baseline were detected in 4°, of pattemts receiving 2-* mg/kg/day and in 13°%, of 
those taking § mg/kg/day. 

‘The results of these studies are-much less worrymg than those involving higher doses of CyA 
as was used in the past for the treatment of psormsis. With CyA az a dose of 14 mg/kg/day, the 
mean creatinine concentration ws 120 mol/l, a sean increase of 30%; over baseline after only 
1 month of treatment.’ In one patien: treated wich & mg/kg day azc without adequate adapta- 
tion of dose, a rise in serum creatinine from 8. to 234 amol/l was observed after 1 year of 
treatment.'* The relevance cf using creatinine changes as a measure of altered glomerular 
filtration rate (GFR) is controversial because cf twbular excretion of creatinine in some 
pathological conditions." However, this was only reported ia patients with substantial 
reductions of GFR (less than 50 ml/min/1-73 m` cn average) and increases in creatinine (more 
than 160 umol/l on average). A serious fall in GFR despite unchaaged and still normal serum 
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creatinine levels, reported in two psoriatic patients treated with CyA 4:7 mg/kg/day, awaits 
confirmation." This emphasizes the need for assessing intraindividual variability of GFR 
measurements in non-CyA-treated patients as with serum creatinine (Fig. 5). In addition, 
when GFR changes abruptly, it takes several days for the serum creatinine to reach a new 
steady state,” which may also explain some of the discrepancies between these two parameters. 

Slight changes in serum creatinine levels detected with low-dose CyA are not clinically 
relevant in themselves, but are important as the extent of creatinine is considered to be a 
potential risk factor for CyA-associated structural alteration of the kidney. Cyclosporin A 
nephropathy was not detected in patients treated with 5 mg/kg/day or less'®" but, in patients 
receiving more than 7 mg/kg/day, the CyA dose and the extent of creatinine increase were 
found to be additive risk factors,” especially when creatinine was increased by more than 50% 
above baseline.®’ On its own, the 0°, creatinine increase with CyA was also found to be a risk 
factor for persistent renal dysfunction after stopping treatment in patients with autoimmune 
diseases who were receiving a mean CyA dose of 8-8 mg/kg/day.” 

Adaptation of CyA dosages, based on the serum creatinine, resulted in a stable creatinine 
level in 100 patients treated continuously for I year or more with a mean dose of CyA at 3°3-3°7 
mg/kg/day. None of these patients developed protracted renal dysfunction, at variance with 
some cases observed after initial high doses of CyA but without dose adaptation according to 
serum creatinine levels. 77? 

No significant difference in mean creatinine concentration in comparison to baseline was 
observed 3 months after stopping treatment. The return to baseline level was quicker in those 
treated with CyA 2-5 mg than in those taking 5 mg/kg/day. Three months after stopping CyA, 
only two patients had not returned to baseline levels. However, it was not possible to determine 
whether this was a slow return to ‘normal’, an inaccurate baseline creatinine value or a slight 
residual renal dysfunction. Interpreting slight changes in serum creatinine is not easy because 
of the wide range of normal variations in creatinine concentrations, as seen among the psoriatic 
controls (Fig. 5). Coefficients of variation in creatinine measurements have been reported 
between 3°, and 18-5% using colorimetric as well as enzymatic techniques." 

The validity of assessments of the reversibility of CyA-associated renal dysfunction has been 
questioned because of the possibility of compensating glomerular hyperfiltration and/or hyper- 
trophy. However, this possibility is very unlikely in the present study for two reasons. 
Glomerular hypertrophy is the hallmark of a severely reduced number of glomeruli, and 
glomerular fibrosis is not a feature of CyA-induced nephropathy™ except in the rare event of 
severe alterations as observed among cardiac transplant recipients.’ No CyA nephropathy was 
seen in the first 14 kidney biopsies performed in patients with psoriasis treated with CyA” nor 
in a series of 21 patients similarly treated with low-dose CyA (<5 mg/kg/day) for various 
autoimmune diseases.’ A slight (3—5 mm Hg) dose-dependent increase in systolic and diastolic 
blood pressures was observed. However, the incidence of hypertension was not dose-related 
and was approximately 10-15°% in both groups. These results suggest that a proportion of the 
population is particularly sensitive to CyA and is prone to develop hypertension even with 
low-dose CyA. Thus, hypertension should first be treated with antihypertensive therapy rather 
than with a reduction in the dose of CyA. Two-thirds of the patients receiving antihypertensive 
medication (mainly calcium antagonists) showed satisfactory blood pressure control. Taken 
together, this is a strong argument against starting CyA treatment in patients with uncontrolled 
hypertension. The incidence of hypertension in CyA-treated psoriatic patients is in line with 
that described for other autoimmune indications." 

An association was found between hypertension and renal dysfunction, although half of the 
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patients with hypertension had no relevant renal dysfunction. This has also been observed with 
CyA treatment in other conditions.” Increased blood pressure was reversible within 3 months 
of discontinuation of CyA. Previous therapy with methatrexate or retinoids did not modify the 
effect of CyA on blood pressure cr renal function. 

Finally, using low-dose CyA in the treatment ef pscriasis*° should avoid clinically relevant 
renal impairment even with long-term therapy, proviced that the creatinine levels and blood 
pressure are monitored at regular intervals. 
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Renal side-effects of cyclosporin A 


JUNE MASON 
Renal Research, Clinical and Preclinical Pharmacology, Sandoz Pharma Ltd, Basle, Switxerland 


SUMMARY 


Cyclosporin A (CyA) has multiple effects on the kidney. The drug can cause changes in either 
the tubular or vascular system which may be either functional or structural, reversible or 
irreversible and frequent or seldom. Functional changes to the tubules and vessels are 
common, occur at low doses.and are reversible, while structural changes to the tubules and 
vessels are rare, occur at high doses and are not always reversible. The changes of importance 
are vascular. By harnessing two strategies to restrain the development of side-effects—limiting 
the dose and restricting the functional changes—it is possible to avoid irreversible damage to 
the kidney in patients treated with CyA. 


To understand the different types of actions that CyA can exert on the kidney and to place these 
side-effects into a clinical perspective, a system of classification is needed. This framework 
cannot be adapted from those already in use to describe other nephrotoxic agents, as the effects 
of CyA on the kidney differ from those normally encountered with the other substances usually 
referred to as ‘nephrotoxic’. 

The term ‘nephrotoxicity’ is not appropriate for describing the actions of CyA on the kidney. 
Although the term indicates that the kidney is the organ most susceptible to adverse effects, 
it does not specify the types of alterations that occur or their relevance. As the term is widely 
used to describe the action of a drug with adverse effects on the kidney, there is a danger that 
the side-effects caused by CyA may be confused with those seen with the classical nephrotoxic 
agents. 

The cause of the different renal side-effects and the relationships between them have not yet 
been established. Consequently, any system of classification must of necessity be descriptive. 
This has the advantage of preserving neutrality and avoids prejudicing any future discoveries 
concerning the mechanisms of the different side-effects and the sequence of their development. 


TYPES OF CHANGE 


The kidney is a complex organ composed of two major tissue types. The vessels, consisting 
mostly of smooth muscle cells, are contractile and regulate blood pressure and flow within the 
renal vasculature. These determine the haemodynamic functions of the kidney, such as renal 
perfusion and glomerular filtration. The tubules, consisting of epithelial cells, transport small 
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FIGURE 1. Tubular anc vascular effects of CyA om the kicney. 


molecules either from or into the urine. By this process of reabsorptmm or secretion, the tubules 
regulate the composition of body duics. 

Both of these tissue types, the vessels and tubules, can be affected by the two types of 
alterations during CyA treatment. There may be changes in functiom that are not accompanied 
by any visible change in structure. or changes in the structure that are usually associated with 
changes in function. Hence, there are four possible types of alteratien to the kidney that can 
occur with CyA (Fig. 1). 
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FIGURE 2. Functional and structural effects of CyA on the kidney. 
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PREVALENCE 


All four types of changes to the kidney have been seen during therapy with CyA but, as they 
are not always present at the same time, they have different prevalences. While changes in 
tubular function are common, changes in tubular structure are less so. Correspondingly, the 
changes in vascular function are common, but the changes in vascular structure are more rare. 
Thus, the changes in the kidney caused by CyA occur with two different prevalences (Fig. 1). 

If the four types of kidney alteration are categorized according to the nature of the change 
rather than the type of tissue involved, the most common changes are seen to be functional. 
These occur frequently with CyA treatment, but are reversible on discontinuation of the drug. 
In contrast, changes in structure are seldom seen with CyA and are sometimes, but not always, 
reversible when treatment is discontinued (Fig. 2). 


DOSE-DEPENDENCY 


As can be inferred from the different prevalences of the kidney changes, the adverse effects of 
CyA show variable degrees of dose-dependency. Functional changes to both tubular and 
vascular systems are common and can be found at low dosages, whereas structural changes are 
more rare and occur only at higher dosages. In the past, when patients often received higher 
doses of CyA, structural changes were more frequent. Now that much lower doses are used, 
the incidence of these alterations has been greatly reduced. 
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FIGURE 3. Details of functional changes with CyA. 
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The different dose-dependencies of these chang2s have two consequences. First, the struc- 
tural changes in the vessels and tubules are alway: accompanied by the corresponding func- 
tional alterations; second, the functional changes often arise without the corresponding struc- 
tural alterations. Thus, structural changes always follow functional alterations and are most 


often associated with them. 





DESCRIPTION 





The predominating changes in the tubules with Cy are changes ir fanction (tubular dysfunc- 
tion). These consist of a decrease m magnesium reabsorption, secretion of potassium and acid, 
and excretion of uric acid. This results in a decrease in magnesium and bicarbonate levels in 
serum, and an increase in potassium and uric acd levels. There *s no decrease in sodium 
reabsorption and no loss of urinary concentrating power, as is characteristic of heavy-metal 
toxicity (such as with mercury, platinum, cadmium or wranium) oz aminoglycoside toxicity 
(such as with gentamicin) (Fig. 3». 

‘The changes that predominate in the vessek du~ng CyA treatment are functional (vascular 
dysfunction). These result in en increase in vasoccmstriction of the renal vessels. This leads to 
a decrease in renal perfusion, as seen by a decrease in remal blood or plasma flow, and also to 
a lowering of the glomerular filtration rate, resulting in an increase m serum creatinine and urea 
(Fig. 3). 

Changes in tubular structure (rubulopathy? are less frequent with CyA. These are seen in 
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FIGURE §. Tubular changes with CyA. 


the proximal tubule as isometric vacuoles, the occasional giant mitochondrion or isolated single 
cell necroses. Calcification of the Tamm—Horsfall protein in the distal tubule may also arise. 
Most significantly, there are no extended areas of tubular necrosis, as is characteristic for 
heavy-metal toxicity (such as with mercury, platinum, cadmium or uranium) or aminoglyco- 
side toxicity (such as with gentamicin) (Fig. 4). 

The least frequent changes with CyA treatment are those of vasculopathy, which are seen 
almost only in the afferent arteriole. These changes consist of injury to the endothelium and 
smooth muscle cells in the vessel wall which can lead to vessel occlusion and, ultimately, to its 
obliteration. This, in turn, results in a localized ischaemia with glomerular collapse initially, 
followed later by glomerulosclerosis. There is an associated development of tubular atrophy 
within regions of interstitial fibrosis, which assumes a striped form and is possibly a reflection 
of the loss of blood supply to the tissue (Fig. 4). 


REVERSIBILITY 


Functional alterations to the tubular system are fully reversible. Serum magnesium, potassium 
and uric acid return to normal in both patients and in animals on discontinuation of the drug. 
Similarly, functional changes to the vascular system are fully reversible, and the signs of renal 
vasoconstriction and dysfunction disappear when CyA is withdrawn. These changes need not 
be associated with vascular-interstitial damage in patients and, in animals, such structural 
changes do not arise. 


” 7 Mase 


Structural alterations to the tubular system are also generally reversible. The isometric 
vacuoles and giant mitochondria disappear. and the single necrotic cells are replaced when 
therapy is discontinued, although the microcalcification of the Tamam—Horsfall protein may 
persist. In contrast, structural vascular changes with their associated tubulointerstitial damage 
are not reversible, once established. Although mod vessel wall damage is reparable to some 
extent, vessel occlusion and glomerulosclerosis persist, and the stried interstitial fibrosis with 
tubular atrophy is maintained. 










RELEVANCE OF ALTERATIONS 


Alterations to tubular function are of little concern because the changes in serum magnesium, 
potassium or uric acid, although common, are miser, not associated with decreases in sodium 
reabsorption or urinary concentrating power, ard are reversible. Similarly, alterations to 
tubular structure are no longer commen, are not associated with extensive tubular necrosis and 
are reversible. Thus, tubular changes (Fig. 5) appear to have little clinical relevance. 

In contrast, the changes of renal perfusion ssd glomerular filtration are frequent and, 
although reversible in principle, precece and predispose to irreversible structural alterations. 
Without doubt, these vascular changes and their associated interstitial fibrosis and tubular 
atrophy are important because, although rare, they are permanent. Thus, both types of 
vascular alteration (Fig. 6) are clinically relevant and have considerable significance for patient 
safety. 
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PREDICTABILITY OF RENAL DAMAGE 


The two events that are most clinically relevant—vascular dysfunction, expressed as vasocon- 
striction, and vasculopathy, associated with interstitial fibrosis and tubular atrophy—have not 
been proven to be causally related. However, it has been established that the magnitude of 
vascular dysfunction, reflected by the rise in serum creatinine, is related to the incidence of 
vasculopathy. Thus, by avoiding severe vascular dysfunction, it is possible to avoid severe 
structural damage to the kidney. 

This is because the development of structural changes to the vessels is strongly dose-depen- 
dent, occurs at high doses and is associated with considerable changes in function. The 
occurrence of functional changes to the vessels is also dose-dependent, but occurs at low doses 
at which structural changes do not develop. Hence, restricting the dose while limiting the 
functional changes will avoid the simultaneous occurrence of inappropriately high doses and 
severe functional disturbances. 
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Indirect assessment of renal dysfunction in 
patients taking cyclosporin A for autoimmune 
diseases 
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SUMMARY 


The reliability of increases in serum creatinine and serum urea above initial values in detecting 
decreases in glomerular filtration rate below initial values was assessed in patients taking 
cyclosporin A (CyA) for autoimmune diseases. Both serum creatinine and serum urea provided 
reasonable estimates of the decline in glomerular filtration rate when measured simultaneously 
and when compared to patients’ own baseline values. Combination of both serum creatinine 
and serum urea improved the assessment of renal dysfunction, partly by reducing the influence 
of any analytical errors. Frequent measurements, precise baseline evaluation and standardiza- 
tion of procedures can be expected to increase further the precision of assessing renal dysfunc- 
tion from serum measurements. Hence, careful evaluation of changes in serum creatinine, with 
the option to include changes in serum urea, can provide a simple and reliable way of 
monitoring changes in renal function in patients taking CyA for autoimmune diseases. 


In patients receiving prolonged treatment with cyclosporin A (CyA) for autoimmune diseases, 
the potentiality for developing permanent damage to the kidney is of major concern. The 
incidence of such changes is steadily decreasing as a result of an increasing awareness of the 
factors that predispose towards its development. Nevertheless, to avoid the major risk and 
maintain patient safety, renal function must be carefully followed during therapy to control 
renal dysfunction. 

There are many problems in measuring changes in renal function directly. Inulin clearance 
is considered the ‘golden standard’, but inulin is not available in all countries and the method 
is often considered too cumbersome for regular use.’ Other marker substances are generally 
less suitable both for theoretical reasons’ and for practical reasons when they are radiolabelled. 
Also, the use of clearance from plasma disappearance curves, rather than from urine collec- 
tions, is known to introduce inaccuracies.' 

Indirect assessments of renal function, such as monitoring of serum chemistry, are also 
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problematical. Serum creatinine is an imperfect indicator of decreases in renal function because 
of tubular secretion.’ Because the degree of secretion rises as renal function declines, the 
increase in serum creatinine can underestimate the degree of rena! dysfunction.’? Similarly, 
serum urea gives imprecise estimetes of decreases on rena! function because of tabular reab- 
sorption and a dependence on dict.’ since the degree of reabsorption rises as tubular flow 
decreases, the increase in serum urea can overestimate anv decline m renal function. 
Although creatinine and urea are clearly unsuitable for assessing senal function accurately, 
they may be adequate for estimatng the degree of remal dysfunction, if analysed and inter- 
preted with appropriate care. Certainly, if no direc: methods of measuring renal function are 
available, these have to suffice, despite their limitatens. Hence, an obgective evaluation of their 
reliability in predicting known decreases in reral functien needs to be made. In patients treated 
with CyA for most autoimmune diseases especially, there is generally no underlying renal 
disease and renal dysfunction is medes:, so that neither creatinine secretion nor urea reabsorp- 


tion would be expected to increase mach above rormal. 











PATIENTS 


The patients in this study suffered from psoriasis. rheumatoid arthritis, Crohn’s disease or 
juvenile diabetes of recent onset and were treated with CyA for control of their disease. 
Although an indirect assessment of renal dysfurctien by monitoring serum creatinine was 
mandatory, another indirect method—mnonitomng serum urea-—was often included. Because of 
a concern for safety, many investigatocs used a direct method to measure renal function and 
determined glomerular filtration rate m addition. 

The patients selected for analysis were moritored before and at least once during therapy. 
In each patient, glomerular filtration rate and two other parameters were determined simul- 
taneously. When assessments were mede at imtervals during therapy, the one displaying the 
largest decrease in glamerular Alege rate was selected. Thus, taree methods of assessing 
renal function were evaluated at the same time daring therapy and each of these could be 
compared to the patient’s own comtro! value measured before therapy. 


THEORETICAL CONS CERATDPONS 


Both serum creatinine and urea are inversely relatec to glomerular filtration rate and both rise 
as renal function declines. Propertionality conscants cam be defired to relate glomerular 
filtration rate to the reciprocal valee of serum creet nine or urea. These constants include the 
amount of creatinine secreted into the tubules amd the extemt of trea reabsorption from the 
tubular system. These processes cause the ammount of creatinine or urea in the urine to differ 
from the amount filtered at the g omeculus. 

It is possible that the constants that describe this non-ideal behavicur of creatinine and urea 
are not the same before the start of CYA therapy es daring therapy, when rena! function is 
depressed. For the purposes of dats analysis, however, it was assumed that these constants were 
uninfluenced by therapy. Then it was deset te what extent the predictions based on this 
assumption were, in fact, true. 





PATA ANALYSIS 
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FIGURE 1. Correlation between glomerular filtration and serum creatinine ratios. 


equations, a, and a, include the secretion of creatinine into the tubules and reflect the increase 
in creatinine excretion in comparison to the amount filtered. Thus, by dividing, GFR,/GFR, 
=a,/a, x Cr,/Cr,. If, however, a, equals a, because creatinine secretion did not change during 
CyA therapy, then GRF,/GFR, = Cr,/Cr,. 

The relationship between serum urea and glomerular filtration rate at baseline and during 
therapy with CyA is expressed by: GFR, = b, x 1/Ur, and GFR, = b, x 1/Ur,. In these 
equations, b, and b, include the tubular reabsorption of urea and reflect the decrease in 
excretion of urea compared to the amount filtered. Thus, by dividing, GFR, /GFR, = b,/b, 
x Ur, /Ur, . If, however, b, equals b, because urea reabsorption did not change during CyA 
therapy, then GFR,/GFR, = Ur,/Ur,. 


RESULTS 


When the glomerular filtration ratio (1-28 + 0-05, mean + SEM) was compared with the 
inverse creatinine ratio (1:19 + 0-04, mean + SEM), the paired difference between the two 
was 0:08 + 0-04 (mean + SEM), indicating only a minor increase in creatinine secretion. 
When the glomerular filtration ratio was plotted against the inverse creatinine ratio (Fig. I), the 
relationship appeared to be linear (r = 0°587) and the points were distributed relatively evenly 
around the line of identity. 

When the glomerular filtration ratio (1-28 + 0-05, mean + SEM) was compared with the 
inverse urea ratio (I-42 + 0-06, mean + SEM), the paired difference between the two was o- 14 
+ 0-05 (mean + SEM), suggesting that urea reabsorption had increased only slightly during 
CyA therapy. When the glomerular filtration ratio was plotted against the inverse urea ratio 
(Fig. 2), the relationship appeared to be linear (r = 0:633) and the points were distributed only 
slightly above the line of identity. 

Thus, as expected, the glomerular filtration ratio is only marginally underestimated by the 
inverse creatinine ratio, and is only slightly overestimated by the inverse urea ratio when the 
decrease in glomerular filtration is modest. By combining both ratios of creatinine and urea it 
should therefore be possible to allow the one to counterbalance the other and also to reduce the 
influence of analytical errors in either determination. 
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When the glomerular filtration ratio (1:28 + o-@5,mear + SEM) was compared with the 
average of both individual creatinme end urea rations «1-31 + oos, mean + SEM), the two 
estimates differed by almost nothing «o-o2 + oo, mean + SEM). When the glomerular 
filtration ratio was plotted against the average creatimine and urea ratio (Fig. 3), the relationship 
appeared to be more linear (r = © 722) and the pownts were distributed symmetrically around 
the line of identity. 
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TABLE 1. Corresponding changes in serum creatinine (Cr) and glomerular filtration rate (GFR) with CyA 





ACr Cr, /Cr, GFR, /GFR, AGFR 
+ 33% 1°33 0-7§ (1/1-33) ~ 25% 
+50% r50 0°66 (1/ 1-50) — 33% 
+ 66% 1:66 0-60 (1/1-66) ~ 40% 
+ 100% 2'00 o:50 (1/2-00) — 50% 


DISCUSSION 


Indirect assessment of renal function using serum creatinine can estimate the degree of renal 
dysfunction with adequate precision when compared with the patient’s own starting value. As 
individual determinations vary considerably, measurements should be repeated to distinguish 
stable from slowly declining renal function. This procedure, rather than direct measurements 
of renal function using clearance techniques, is always used for routine monitoring following 
kidney transplantation. 

Because the decrease in renal function is modest when treating autoimmune diseases with 
low-dose CyA, it is essential to establish a reliable baseline. By confirming that two or more 
assessments are in agreement before starting treatment, the error resulting from a single, 
incorrect starting value can be avoided. By ensuring that measurements are obtained under 
standardized conditions, such as in the morning, while fasted and before CyA dosing, even 
small changes in renal function can be detected. 

The use of a second parameter to increase the reliability of the monitoring can improve the 
assessment of renal dysfunction by identifying incorrect determinations. Serum urea is par- 
ticularly convenient for this purpose as it is easily measured at the same time as serum 
creatinine. If serum urea but not serum creatinine is elevated, the patient is probably dehydrat- 
ed, has increased protein intake or there is an analytical error. However, if serum creatinine but 
not serum urea is raised, the creatinine determination is probably incorrect and should be 
repeated. 

Considerable care is needed to contain renal dysfunction within reasonable limits when a 
direct assessment of renal function is available. In theory, the relationship between glomerular 
filtration rate and serum creatinine is inverse, not direct, and the present analysis confirms that 
this theoretical relationship is retained during CyA treatment. As a result, the percentage 
decrease in glomerular filtration rate is always less than the corresponding increase in serum 
creatinine. Thus, it is potentially dangerous to allow filtration rate to decline by the same 
percentage that creatinine is normally allowed to rise. Every percentage decrease in filtration 
rate is associated with a larger percentage increase in serum creatinine (Table I). 

All current assessments of the risk of developing permanent structural damage to the kidney 
are based on indirect assessments of renal dysfunction, as expressed by the increase in serum 
creatinine above the patient’s own baseline value. By restricting the dose to less than 5 
mg/kg/day and limiting renal dysfunction so that serum creatinine rises no more than 30% 
above baseline, this risk is virtually eliminated. Whereas the rise in serum urea can also predict 
the likelihood of developing permanent kidney damage, this risk cannot be assessed from the 
decrease in glomerular filtration rate because insufficient measurements are available in 
biopsied patients. Consequently, the only certain way to ensure the safety of the patient is to 
prevent serum creatinine from rising to the level known to be associated with renal damage. 
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Predictive value of cyclosporin A level for efficacy 
or renal dysfunction in psoriasis 


G.FEUTREN, D.FRIEND, P.TIMONEN, A.BARNES AND C.LABURTE 


Immunology Group, Clinical Research Department, Sandoz Pharma Ltd, Basle, Switzerland 


SUMMARY 


Cyclosporin A (CyA) trough (pre-dose) levels were measured in whole blood with a radioim- 
munoassy (RIA) using specific monoclonal antibody in 193 patients receiving CyA for the 
treatment of psoriasis. These patients received either CyA 2°5 mg/kg/day (n = 134) or § 
mg/kg/day (n = 59). In addition, a subgroup of 94 patients also had CyA trough levels 
measured using a non-specific polyclonal RIA. Within each CyA dose group, no difference was 
detected between mean CyA trough levels in relation to success or failure nor to the presence 
or absence of renal dysfunction with the use of either the specific or non-specific RIA. Based 
on the experience in transplantation, CyA thresholds of 100 and 200 ng/ml (specific) were 
selected for the assessment of efficacy and renal dysfunction. The success rate was higher by 
10-15%, when the CyA level was above, rather than below, 100 ng/ml in both the CyA 2'5 mg 
and 5 mg/kg/day groups. A slightly increased incidence of renal dysfunction was only found 
in the 5 mg/kg/day group when the CyA level was above 200 ng/ml. Because of its low 
predictive value, measurement of the level of CyA was not particularly useful for monitoring 
patients with psoriasis treated with low-dose CyA. 


Cyclosporin A (CyA) blood levels have been used for routine monitoring of CyA-treated 
transplant recipients since early in its clinical use. The objective was to achieve concentrations 
consistent with clinical efficacy, but which did not give rise to unwanted side-effects. Although 
the usefulness of CyA blood trough level monitoring in transplantation has been demonstrated, 
the therapeutic window needed to be defined according to the indication and the time after 
transplantation.’ 

The conditions of CyA treatment of psoriasis are very different from those of transplanta- 
tion. Low-dose CyA has proved to be effective in treating severe psoriasis and has been 
associated with very limited renal dysfunction.*° Therefore, it was of interest to evaluate the 
clinical value of CyA trough-level monitoring for assessing the efficacy and safety of the drug 
specifically in psoriatic patients. 


Correspondence: Dr G. Feutren, Clinical Research/ Immunology, Sandoz Pharma Ltd, CH-4002 Basle, Switzer- 
land. 
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PATIENTS ANB METHODS 





One-hundred and ninety-three patiemts were included im the analysis. These patients had 
participated in two multicentre Ecropzan studies and were treated in 30 hospital dermatology 
departments. There were 133 malas ard 60 females; all were adults (mean + SEM age: 42 + 
o-7 years) who had had severe, disabling chronic plaque-tvpe psoriasis for a mean duration of 
17 + 0-§ years. Previous therapies for the psoriasis had consisted of retinoids in 55% and 
methotrexate in 28°,. The mean cumulative dose of methotrexete was 5'8 + 1°8 g. One- 
hundred and thirty-four patients cece ved CyA >: mg/kg/day and 59 received $ mg/kg/day, 
divided into two daily doses. 

In all 193 patients, the concentratiom of CyA was measured in wacle blood using a radioim- 
munoassay (RIA) with a monocieaal antibody specific to the parent compound and a tritium- 
labelled tracer (Sandimmun-kit®, Sandoz Pharme ™° A subgroup of 94 patients also had CyA 
levels measured by RIA, using a non-szecific polycional antiserum which partially cross-react- 
ed with metabolites (Ciclo-kit®, Sandoz Pharma.” A pre-dose blood sample was taken at 12 
hours (trough level) after drug inzake 

The first 4 weeks of treatment were selected scr analysis as the CyA dose remained un- 
changed during this period of time. Later, dose chamges were prescribed according to protocol, 
based on efficacy, renal dysfunction or on the bleed levels themselves. The improvement in 
psoriasis and the incidence of renal dysfunction ar Week 4 was suff.crent to make an evaluation 
at that time worthwhile. For each patent, the mean value of four blood level measurements 
(taken at the end of Weeks 1, 2, 3 and 4) was caculated amd correlated to efficacy and renal 
dysfunction at the end of Week <. Omly the patrsmts for whom four consecutive blood level 
measurements were available were selected for ame vsis. Ciinical efficacy was measured by the 
changes in psoriasis severity as essessed by the “sortasis Area and Severity Index (PASI) 
score." Success was defined as a 27ASI score redzction greater than or equal to 75°,, partial 
success by a PASI score reductwon ef so-74°,.. and insuffacient efficacy by a PASI score 
reduction of less than §0°,,. Rena. dysfunction was defined as an mcrease in serum creatinine 
greater than or equal to 30°% above baseline level measured before starting CyA treatment, or 
between 20°% and 29°. 

Results were reported as means + SEM. Comparison of the mean values was carried out 
using Student’s t-test. The mcidence of success » renal dysfunction was compared between 
the groups using Fisher’s exact test. 











The mean specific CyA blooc trough level was 103 + s ng/ml (+ SEM) with CyA 2'5 
mg/kg/day and 230 + 17 ng/ml, with 5 mg/kg/day. Non-specific mean levels were 289 + 16 
ng/ml and <85 + 45 ng/ml respective y, corresponding to a specificrnon-specific ratio of 0:37. 
No significant difference was found between the levels measured at Weeks 1, 2, 3 or 4. Previous 
therapies with methotrexate or re"inomis did not sesult in significant differences in CyA blood 
trough levels (Table I). 

Mean PASI score reduction after 4 weeks cl treatment was 39 + 3% with CyA 2'5 
mg/kg/day and 67 + 3°, with « mg kg/day. Creatinine percentage increases over baseline 
during the same time period were 6 + 1°, and PO + 2”.,, respectively. 










= 
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TABLE I Specific CyA blood trough levels (ng/ml) according to previous therapies for psoriasis* 


Pre-treatment ' No pre-treatment 

Reunoidst 

CyA 2:5 mg/kg/day "(n= 77) 99 £7 (nm = 56) 107 + 9 

CyA 5 mg/kg/day .  (# = 35) 229 + 20 (n = 21) 236 + 34 
Methotrexate? 

CyA 2:5 mg/kg/day (m = 31) 113 + 13 (n = 99) I00 + 6 

CyA 5 mg/kg/day (n = 15) 255 + 36 (m = 31) 212 + 25 

*Monoclonal RIA. 


TPre-treatment data missmg for four petients. 
{Pre-treatment data missing for 17 patients. 
Figures presented are means + SEM of Weeks 1, 2, 3 and 4. 


Efficacy 

No correlation was found between the percentage of PASI score reduction and specific or 
non-specific blood levels in either CyA 2-5 mg or 5 mg/kg/day groups (Fig. I). Furthermore, 
in both of these CyA treatment groups, mean specific levels were not significantly different in 
patients with clinical success compared with those who had partial success or insufficient: 


% PASI REDUCTION 
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FIGURE I. Percentage reducoon of PASI (Psoriasis Area and Severity Index) measured after 4 
weeks of treatment according to SIM (cyclosporin A; CyA) blood trough levels (ng/ml) ss 
measured by specific monoclonal (A) or non-specific polyclonal (B) RIA., Open circle: CyA 2 § 
mg/kg/day. Solid circle: CyA 5 mg/kg/day. Each circle represents one patient and is the mean 
value of four CyA blood levels taken at Weeks 1,2, 3 and 4. 
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TABLE 2. Cyclosporin A blood trough levels (ng/ml) aeeerding to efficacy" after 4 weeks of treatment 


NANT NR TS TT TISAI POPUP SRST: PTE YE Ph PTE VDA ORAA T RAA 


Insuficien’ Partal 
efficacy SUCCESS Success 
(PASI reduction “PASI reduction (PASI reduction 
< 99%) §0-74,,) > 75%) 
CyA 2-5 mg/kg/day 
Specific level (n = 83) 100 - 7 {e = 38) 100 + g (n = 15) 125 + 12 
Non-specific level (R = 46) 272 z I9 (wo = £7) 326 + 35 (n = 7) 304 + 44 
CyA 5 mg/kg/day 
Specific level (n = 16) £98 = 24 im = 24) 224 + 23 (n = 20) 260 + 37 
Non-specific level (n = 6) 496 = 3 w= 10)619 + 55 (n = 9) 632 + 106 





*According to reductions in Psoriasis Area and Severity Irdex (PAST. 
Specific = monoclonal RIA; non-specric = polyclonal Ri. 
All figures are means + SEM of Weeks 1, 2, 3 and 4. 


efficacy (‘Table 2). This was also trae fer the non-specific CyA level measurements. Interesting- 
ly, specific as well as non-specific CyA levels were significantly higher (P = 0-02) in patients 
with insufficient efficacy while rec2ivimg CyA 5 mg’ kg/day than in patients with success while 
taking 2:5 mg/kg/day. 

On the basis of experience in maintenance therazy for transplanzation,*">"4 a threshold level 
of 100 ng/ml (specific measurement) was selectec jer analysing the success rate in relation to 
the blood trough level. The non-specific thresholc level of 275 ng/mi was subsequently derived 
from the specific level by applying the above-menxoned specific:nen-specific ratio. Results are 
summarized in Table 3. The success rete was sligk: vy higherwhen “he specific level was greater 
than or equal to 100 ng/ml than when it was te ow this level: ro% vs 6% with CyA 2'5 
mg/kg/day (P = 0-027, Fishers exact test); and 35°, vs 20°% wich 5 mg/kg/day (not signifi- 
cant). However, within each groug, a wide interindividual variation of blood level was observed 
despite the stable dose of CyA (Fig. 1), a clear illustration of its low predictive value for efficacy. 
No difference in the remission raze was found om assessing the non-specific leve.s (Table 2). 


Renal dysfunction 

No correlation was detected between the percertage change in serum creatinine (compared 
with baseline) and the specific as well as mon-spex:fic CyA blood trough levels in either CyA 
2'5 mg or § mg/kg/day groups (Fg. 2). The decreases of creatinine detected in some patients 
(negative values) were mainly duz to spomtaneow variations in creatinine measurements.” 

The mean CyA blood level dic not differ wheever the creatinine increase was below 20°, 
between 20°, and 29.,, or equa! +o or greater than 30°, after 4 weeks of treatment in both the 
CyA 2-5 mg and 5 mg/kg/day greups (Table 4). 

Based on the experience in traasplantation,”'? threshold leve s of 2co ng/ml (specific) or 
550 ng/ml (non-specific) were selected fer investigating the incidence of renal dysfunction. 
Results are summarized in Table 5. The incidence of renal dysfurction was slightly increased 
according to whether the specific leve. was below or above 200 ng'ml in both the CyA 2-5 mg 
and 5 mg/kg/day groups: 10°, vs 6°, with 2'5 mg/kg/day (not siznificant); 17%, vs o% with 
5 mg/kg/day (P = 0049, Fisher's exact test’. No significant difference was found with the 
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FIGURE 2. Percentage change in serum creatinine (over baseline values) after 4 weeks of treatment 
according to SIM (cyclosporin A; CyA) blood trough levels (ng/ml) as measured by specific 
monoclonal (A) or non-specific polyclonal (B) RIA. Open circle: CyA 2-5 mg/kg/day. Solid circle: 
CyA 5 mg/kg/day. Each circle represents one patient and is the mean value of four CyA blood 
levels taken at Weeks 1, 2, 3 and 4. 


non-specific measurements in either the CyA 5 mg/kg/day (25% vs 8%) or 215 mg/kg/day (0% 
vs 6°) group. 

However, the wide interindividual variability of CyA blood levels resulted in their low 
predictive value for renal dysfunction (Fig. 3); indeed, renal dysfunction occurred in some 
patients despite low CyA levels. 


DISCUSSION 


The efficacy of CyA in psoriasis®® has been firmly established with a dose of 5 mg/kg/day. 
Furthermore, a clear dose-response relationship has been demonstrated with lower doses. 
Significant improvement with CyA in comparison to placebo was detected as early as 1 month 
after starting treatment. However, the maximum response rate was observed at 3 months, when 
the success rate was nearly 50°, with CyA 2-5 mg/kg/day and 90% with 5 mg/kg/day. In 
psoriasis, the rapidity of the clinical response permitted the evaluation of the predictive value 
of blood levels after a short period of time when CyA dosages were stable. 

No significant differences were found in the mean values of CyA whole blood trough levels 
in terms of clinical outcome or renal dysfunction, whether measurement was specific or 
non-specific. There may be several explanations for these disturbing results. The first is the 
well known inter- and intraindividual variability of CyA levels.>'5 In the present analysis, 
intraindividual variability was minimized by using the mean value of at least four consecutive 
level measurements for each patient. On the other hand, these patients were from multicentre, 
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FIGURE 3. Distribution of specific SIM. (cvclosperin &; Cy) bleed trough levels (monoclonal 
RIA) according to efficacy (A) or venal dysfunction (=> afte; 4 weeks of treatment with CyA 2°5 
mg or § mg/kg/day. Each symbci represents one pat-:at ard is che mean value of 4 CyA blood 


levels taken at Weeks 1, 2, 3 anc 4. 


multilaboratory trials and, despite tne participation <f mest of the laboratories in a CyA quality 
assessment scheme, interlaboratory as well as intermcividual variability was likely."© The 
second explanation is that evaluation ef only the mear values does not take inte account a 
threshold effect, especially if the overa | incidence of the effect is bow. Another explanation, 
which applies to the CvA 2-5 mg/k2/daw group. is that the CvA trcugh level was dose to the 


TABLE 3. Success* rates after . weees of treatmer> according to CyA >leod trough levels 
See eT Seer PST RAASASLL TET SSA IFT APH HORA FPA ahr PC ABA): TNO RANAR RRR 
~yA (mg/Kg/cay) 


2-5 5 Total 


Specific CyA level 
< 100 ng/ml re{Br) 6%, CES) 20", 16/87) 7% 
2 100 ng/ml ( He/ 53) 19° (19/54) 35°, (29/107) 27% 
Non-specific CyA level 
<27§ ng/ml TANIDI O (jigs = {5/39} 13%, 
2 275 ng/ml (2/33) 9%, (8/23) 35”. (11/56) 20% 


a AAAA RAAMAT AAAS EALANTA e ATE AAEH A AA Aaa iaa 


*Success = > 75°, reduction of PASI score. 


(Number of patients/total>. 
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TABLE 4. Cyclosporin A blood trough levels (ng/ml) in relation to creatinine increase after 4 weeks of treatment 


MAANNAISENSA NAARAAN AAR AAA AAA 


Creatinine increase above baseline 





< 20% 20-29% > 30% 
CyA 2-5 mg/kg/day 
Specific level (n = 113) 104 + 6 (n = 15) 98 + 14 (n = 7) 118 + 24 
Non-specific level (n = 61) 285 + 16 (n = 4) 357 + 109 (n = 4) 283 + 88 
CyA 5 mg/kg/day 
Specific level (n = 44) 214 + 20 (n = 9) 248 + 39 (n = §) 284 + 46 
Non-specific level (n = 16) 610 + §2 (n = 4) 386 + 34 (n = 4) 684 + 146 


SST TTT eT TUE TT E Akab mtu T aOR 


Specific = monoclonal RIA; non-specific = polyclonal RIA. 
All figures are means + SEM of Weeks 1, 2, 3 and 4. 


limit of sensitivity of the method. However, despite these reservations, such results reflect the 
clinical value of routine CyA blood trough level monitoring on a large scale. 

A significant relationship was found between both a specific CyA blood trough level of less 
than 100 ng/ml and inefficacy, and a level greater than or equal to 200 ng/ml and renal 
dysfunction. However, the predictive value was low; for example, with CyA 2-5 mg/kg/day, the 
overall success rate after 1 month was 11°. In the subset of patients whose CyA blood levels 
were greater than or equal to 100 ng/ml, the success rate was 19%. This low predictive value 
has to be viewed in comparison to the clinical characteristics of CyA treatment of psoriasis. 
First, the therapeutic response is rapid, within the first month and most often within the first 
2 weeks.**? Second, the clinical evaluation of efficacy is extremely easy to carry out and, third, 
an early failure may very well respond to a dosage increase later. For safety monitoring, the 
overall incidence of CyA-related renal dysfunction on a low dose of the drug should be 
considered first. This incidence was only 6%% in this series of patients after 1 month of 
treatment with CyA 2-5 mg/kg/day. Also, the extent of creatinine increase was very limited 
(+6-1°%, corresponding to a mean concentration of 85 pmol/l). Finally, renal dysfunction does 


TABLE 5. Percent of patients with relevant renal dysfunction* after 4 weeks of treatment according to CyA blood 
trough level 
snannsyaamasmarvereivtaetbi cachet Ee EONS SHAS LOA NSPE TSO tPA REW aan SRNR ANA SSSA 


CyA group (mg/kg/day) 


2.5 5 Total 
Specific level 
< 200 ng/ml (7/124) 6% (0/23) 0% (7/152) 5% 
> 200 ng/ml (1/10) 10% (5/30) 17% (6/40) 15% 
Non-specific level 
< §50 ng/ml (4/66) 6% (1/12) 8% (5/78) 6% 
2 550 ng/ml (0/13) 0% (3/12) 25% (3/25) 20% 


PEONPNDANNINA DAADAA ANAA AAAA 


*Creatinine increase at Week 4 > 30%, above baseline. 
Specific = monoclonal RIA; non-specific = polyclonal RIA (mean of Weeks 1, 2, 3 and 4). 
(Number of patients/total). 
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not occur suddenly with a low dose of CyA and, thus, allows adaptation of the dose according 
to the results of the serum creatinine. ? These features and the low positive predictive value of 
CyA blood levels for efficacy as we] as renal dysfuection de mot favour the routine monitoring 
in patients treated with low doses of tre drug. 

There was a trend for improved predictive values for efficacy with specific, rather than 
non-specific, levels. When considering the CyA 2s mg and 5 mg/kg/day groups together, the 
difference between success rates according to specc drug levels above or below 100 ng/ml was 
20°.,; for non-specific levels (threshold level 275 ng’nal), the difference was 7%. For renal 
dysfunction, however, results obtainec with speciz-c er nom-specific levels were similar; there 
was a 10%, difference in the incidence of renal dysfunction in relation to a specific level above 
or below 200 ng/ml, and a 14°, difference in relatien to a non-specific level (threshold level 550 
ng/ml). 

Finally, interindividual variations cf sensitivity to CyA, for efficacy as well as for renal 
dysfunction, appears to be much more important than the therapeutic gain to be expected from 
careful pharmacological monitoring. Routine drug level monitorimg does not appear to be 
helpful in the treatment of patients with psoriasis. “here is, however, no question as to the use 
of the measurement of the level of CyA in unusaal conditions such as drug interactions." 
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Kidney biopsies in control or cyclosporin A- 
treated psoriatic patients 


INTERNATIONAL KIDNEY BIOPSY REGISTRY OF CYCLOSPORIN A 
(SANDIMMUN®) IN AUTOIMMUNE DISEASES* 


*Pathologists: M.J.Mihatsch, review pathologist (Basle, Switzerland); D.Belghiti (Créteil, France); $.0.Bohman 
(Stockholm, Sweden), K.Porter (London, U.K.). Dermatologists: L.Dubertret (Paris, Franee); L.Fry (London, 
U.K.) L.Juhlin (Uppsala, Sweden): H.Zachariae (Arhus, Denmark). Data processing and analysis: G.Feutren (Basle, 
Switzerland) 


SUMMARY 


Kidney biopsies were obtained from 14 adult patients treated with cyclosporin A (CyA) for 
psoriasis. These biopsies were compared with those from 16 psoriatic patients of the same age, 
but who were not receiving treatment with CyA. Patients receiving CyA had a maximum mean 
dose of 5-1 mg/kg/day for a mean duration of 15 months (range 3-37 months). Minimal or 
slight interstitial fibrosis, tubular atrophy or arteriolopathy were seen in the biopsies of patients 
receiving CyA as well as in those of the controls. No relevant CyA-related structural alterations 
of the kidney were detected. 


Cyclosporin A (CyA) is an effective therapy for severe psoriasis at doses of 2.5 mg—5 mg/kg/ 
day.™ However, as relapses occur after termination of CyA administration,’ continuous 
therapy is probably necessary over a long period of time (1 year or more) and the safety of CyA 
treatment must be carefully defined. 

The main concern with the use of CyA is the risk of renal impairment. Changes in renal 
function, as reflected by the level of the serum creatinine, were limited in those patients treated 
with low-dose CyA (2°5 mg~5 mg/kg/day) over a long period of time.* In contrast, CyA-asso- 
ciated irreversible structural alterations of the kidney were reported with high doses of CyA 
in transplant recipients as well as in patients treated for autoimmune diseases.>”’ Cyclosporin 
A nephropathy was described as a combination of arteriolopathy, interstitial fibrosis (‘striped’ 
form) and focal tubular atrophy. The arteriolopathy is characterized by nodular protein 
deposits in the media which replace necrotic myocytes in the arteriolar wall and may narrow 
the vascular lumen. Mucoid thickening of the intima may also be seen. Irregular foci or stripes 
of interstitial fibrosis with atrophic tubules in the absence of significant interstitial inflamma- 
tion may be observed in the cortex.” 


Correspondence: Dr. G.Feutren, Clinical Research/Immunology, Sandoz Pharma Ltd, CH-4002 Basle, Switzer- 
land. 
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In autoimmune diseases, these findings were only reported in patients treated with a CyA 
dose of more than 7 mg/kg/day. In these patienes, the CyA dose and extent of creatinine 
increase were found to be major additive risk factors.’ It was, therefore, of importance to assess 
the morphology of the kidney biopsies m psoriatic patients receiving low-dose treatment with 
CyA. 





PATIENTS AND METHODS 


Patients 

Thirty kidney biopsies were obtained from 25 adalt patients who bad severe chronic plaque 
psoriasis, 14 of which were performed during or fter CyA treatment and 16 of which were 
obtained before receiving CyA. Of these 25 patierss, fire (patients 10-14) had a biopsy taken 
both before and after CyA treatment. 

The group receiving CyA included eight males and six females whose mean age was 40 years 
(range 21-64 years). The initial mean CyA cose was 3°5 mg/kg/day (range 1:2—5-5 mg). Only 
three patients were still taking CyA at the time of biopsy. The drug was stopped in the 
remaining patients for a mean duration of 1-8 menths (range 0-5-4 months) before biopsy. 
None of the patients had received non-steroidal anti-inflammiatory agents. 

The nine males and seven females whose biopszes were taken before starting CyA therapy 
had a mean age of 43 years (range 21-64 years). Al. patients had a serum creatinine concentra- 
tion within the normal limits at the time of entry into the trial or at biopsy. Serum creatinine 
was measured every 1-2 weeks during the first 2 monchs of treatment and every 4-6 weeks 
thereafter. 


Kidney biopsies 

All except two biopsies were analysed by the local pathologist and the review pathologist who 
was not aware of the treatment received by the patients. On the basis of light microscopy 
examinations, the following data were recorded: mamber of glomeruli; number of obsolescent 
glomeruli; and number of glomeruli with segmental focal gliomerulesclerosis. Arteriolopathy, 
interstitial fibrosis and tubular atrophy were scored as: none = 0; minimal = 1; slight = 2; 
moderate = 3; and severe = 4. 

In most cases, the decision for biopsy during yA treatment was to ensure the safety of 
continuation of CyA beyond the end of the clinical trial (1 year) in patients who experienced 
medical benefit from the treatment. For some, however. obtaining a kidney biopsy after 1 year 
of CyA treatment was included :n the protecol All protocols (including the 16 biopsies 
performed before CyA treatment) were approved >y the various Ethics Committees involved. 


RESULTS 


Cyclosporin A dose and serum crea:inine concentraron 

The initial mean CyA dose was 3-3 mg,kg/day (ramge 1°2-5-5 mg). The maximum dose was §'I 
mg/kg/day (mean range 2:8-77) and the mean dose up to the time of biopsy was 3:9 mg/kg/day 
(range 2°6-5:2) (Table I). The meximum CyA dese was below 6 mg/kg/day in 13 of the 14 
patients, although one patient received 7-7 mg‘kg'day for less than r month (in this case, the 
mean CyA dose up to biopsy was *-2 mg/kg/day). The mean duration of CyA treatment at the 
time of biopsy was 15 months (raage 3-37 mentks) (Table 1). 
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TABLE 1. Baseline and treatment characteristics of CyA-treated psoriatic patients with kidney biopsy 
TATTLE CE NNN TETAAN AARAA AVY ih RRM shee 





Duration CyA dose (mg/kg/day) Creatinine increase 
of CyA Racial ESE A geemacas nar a Lae ee AA se 
Patient Age treatment Mean up to Last with 
no. (years) Gender (mos) Max biopsy Max CyA 
OI 64 F 37 5.0 3.5 71% 71%" 
02 44 F 15 2.8 2.6 1R 18% 
03 54 M 16 5.2 4.3 22% 8% 
o4 33 M 16 5.0 4.0 44% 3% 
05 29 M 17 5.1 4.5 58% 13% 
06 21 F 13 5.8 4.3 5% ~ 33% 
07 29 M I5 5.6 4.8 21% -172 
o8 28 M 17 4.8 2.9 25% 19% 
o9 46 M 15 5.5 3.9 52% 6% 
10 39 F 5 5.4 4.7 6% -8% 
II 20 F 14 5.7 3.7 99% ee 
12 42 F 3 341 2.6 28%, “oe 
13 57 M II 5.1 3.1 39% 24%," 
14 38 M 13 a §.2 96%, 20°," 
Aamar maaana aaaea aaaea a r m e cee 


*Stll receiving CyA. 


With CyA, the maximum serum creatinine increase over the baseline value was 42° (range 
5-99%). At the time of biopsy, it was — 4% (range — 33-19%) in patients who had stopped 
CyA before biopsy, and 20°, 24% and 71° in the three patients who were still taking CyA 
at the time of biopsy. A serum creatinine increase of more than 50%, over baseline was observed 
in five patients: 52%, 58%, 71%, 96% and 99%, respectively. In four of these patients, the 
creatinine increase to over 50°%, was detected only once. The mean creatinine increases during 
the CyA treatment period for these five cases were 9%, 17%, 22%, ro% and 45%, respective- 
ly. In the CyA group, serum creatinine concentration at biopsy was 88 pmol/l (range 72-111 
umol/1). None of these patients developed hypertension with CyA. 


Kidney biopsies 

The detailed scores of renal morphology are given in Table 2 for the patients receiving CyA 
and in Table 3 for the psoriatic controls. No differences were seen in the incidence of 
arteriolopathy in the CyA group compared with the controls. The patient who had moderate- 
to-severe (score = 3) arteriolopathy with CyA (patient 13) had similar lesions before starting 
therapy (Table 3). 

No difference was found between the controls and CyA group as regards the incidence of 
tubular atrophy or interstitial fibrosis. Minimal tubular atrophy (score = 1) was seen in five 
out of 16 controls and six out of 14 CyA-treated patients. Slight tubular atrophy (score = 2) 
and interstitial fibrosis were detected in one out of 16 controls and three out of 14 CyA-treated 
patients. No case of moderate or severe tubular atrophy or interstitial fibrosis was detected in 
either group. One patient in the control group had mild nephrocalcinosis. The incidence of 
obsolescent glomeruli or of glomeruli affected by segmental focal sclerosis was very low and did 
not differ between the controls and CyA-treated patients. No hypertrophic glomeruli were 
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SFGS = segmental foca! glomeruloscierosis IF = interstitial Strosis TA = wmbular atrophy; 
AP = arteriolopathy. 
*o = absent; 1 = minimal; 2 = slight; 3 = moderate; 4 = sewr. 


TABLE 3. Scoring* of kidney biopsies from. csoriatic patients in. control group 
seme LOLOL LLL LL A ARAA EN CCE TTT NY AA TRAHAN Tn ERS aa 


ma ot No, of 
Patient Age No, of obsal¢seare SFGS 
no. (years) ‘sender aomerul: ghererudk glomeruli IF TA AP 
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observed. In summary, no relevant CyA-associated nephropathy was detected in this series of 
14 patients. 


DISCUSSION 


After the first reports of irreversible structural alterations of the kidney in transplant recipients‘ 
and in patients treated with CyA for autoimmune diseases, an International Kidney Biopsy 
Registry of Cyclosporin A (Sandimmun®) in Autoimmune Diseases was started with the aim 
of collecting all of the relevant material available. The Registry has been successful and, so far, 
more than 300 biopsies have been collected. All of this material relates to patients treated with 
CyA for various autoimmune indications. Based on previous reports and analyses of data in the 
Registry, safety rules were established for the use of CyA in autoimmune indications: doses 
should not exceed 5 mg/kg/day and should be reduced as soon as the serum creatinine increases 
by 30-50%, over baseline values. All reports of the occurrence of CyA nephropathy in autoim- 
mune diseases were based on initial doses greater than 7 mg/kg/day.”"'"? In contrast, in a series 
of 21 patients receiving CyA 5 mg/kg/day or less for systemic lupus erythematosus, rheumatoid 
arthritis or related disorders, no morphological changes were detected in the kidney after 17 
-42 months of treatment." Thus, the therapeutic strategy in psoriasis was designed to ensure 
safety according to these rules. The results of the first 14 kidney biopsies in CyA-treated 
psoriatic patients confirmed the validity of the simple guidelines mentioned above. No CyA- 
induced nephropathy was detected in these 14 patients receiving CyA for 3-37 months at a 
mean dose of 3-9 mg/kg/day. As observed in a larger series of patients, CyA-associated renal 
dysfunction, as reflected by the increase in serum creatinine, was reversible after interruption 
of CyA treatment in all of the patients included in this report (Table I). 

Incidentally, control biopsies showed that morphological abnormalities may be found in 
kidney biopsies of psoriatic patients before treatment with CyA. Such abnormalities usually 
combine minimal or slight interstitial fibrosis and tubular atrophy and, in one patient, a 
moderate arteriolopathy was observed. These findings should be taken into consideration when 
interpreting kidney biopsies from patients treated with CyA for psoriasis as well as for other 
autoimmune diseases, and emphasizes the need for a standardized evaluation of such biopsies." 
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Renal side-effects of cyclosporin A with special 
reference to autoimmune diseases 


M.J.MIHATSCH, G.THIEL* AND B.RYFFEL' 


Department of Pathology, University of Basle, *Department of Internal Medicine, Cantonal Hospital, Basle and 
* Department of Preclinical Research, Sandoz Ltd, Basle, Switzerland 


SUMMARY 


At therapeutic drug levels, the functional changes which occur are a reduction of glomerular 
filtration rate and renal plasma flow. At higher doses, morphological changes develop which 
may result, particularly in severe cases, in acute or chronic renal failure. The threshold for the 
development of irreversible vascular—interstitial lesions mainly depends on the increment of 
serum Creatinine, age and drug dosage or drug blood level. Based on the experience with 
cyclosporin A (CyA), the following recommendations have been made for its clinical use, 
especially in patients with autoimmune diseases. The initial dose should not exceed 5 mg/kg 
body weight and the dose should be reduced if blood CyA levels are over 250 ng/ml; in 
addition, a dose reduction is recommended if serum creatinine values exceed 30°% of pre-treat- 
ment values or if other signs of CyA toxicity, such as hepatotoxicity or hypertension, are found. 
Strict adherence to these suggestions should allow treatment of patients for prolonged periods 
without irreversible morphological lesions. 


Adverse renal effects with cyclosporin A (CyA) were first noticed by Calne’ more than 10 years 
ago, soon after the introduction of the drug into clinical medicine. After initial controversies”? 
as to the specificity of the morphological lesions, a preliminary classification system? was 
determined. Later, the clinical classifications of acute and chronic were adopted'* which 
proved, however, to be unsatisfactory. Thus, a morphological basis of classification was 
resumed.” 

Initially, renal adverse events were termed nephrotoxicity. Although the term is correct, it 
created a universal impression that the use of CyA always resulted in irreversible renal damage, 
which is not true. For patients with solid-organ or bone-marrow transplants or life-threatening 
autoimmune diseases, treatment with CyA and the accompanying risk:benefit ratio has always 
favoured benefit. With increasing use of CyA in patients with non-life-threatening diseases, it 
was found that CyA could be used safely without risk of irreversible renal damage. Therefore, 
the less informative, but less controversial, term—adverse effects or side-effects—was chosen. 


Correspondence: Professor M.J.Mihatsch, Department of Pathology, University of Basle, Schénbeinstrasse 40, 4003 
Basle, Switzerland. 
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TABLE 1. Classification of renal side-effects according (0 effects of cyclosporin A on the kidney 
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Functional changes Stractural changes 
Tubular Vascular Tubulepathy Vasculopathy 
dysfunction dysfunction (preximal tubule) {afferent arteriole) 
Common, but Common, but seldom, but Seldom and 
reversible reversible reversible irreversible 


ni a 
Mihatsch et al.'® 


Still, CyA may cause significant irreversible renal damage if not used in the correct dosages. 
With more than 10 years of experience in a wide variety of diseases, including autoimmune 
diseases, CyA therapy is no longer a chreat to the kidney with short-term use. However, 
experience with long-term use in auto:mmune disease endications is limited. Therefore, an 
international biopsy register was established for a standardized re-evaluation of biopsies from 
patients receiving CyA therapy te mere clearly žefine the potental risks of irreversible 
structural damage to the kidney. 


CLASSIFICATION OF RENAL SIDE-EFFECTS WITH CYCLOSPORIN A 


The adverse effects of CyA on the kidner can be classified into two major subgroups: functional 
and morphological changes. Each of these two subgroups can be further divided into tubular 
and vascular lesions (Table I). In biopsies from kidney or other trensplant recipients as well 
as from patients with autoimmune diseases, effects unrelated to CyA may also be present, for 
example, those of rejection, glomerulomephritis, amyloidosis, infection and hypertensive ar- 
teriolopathy, and damage due to nephrotoxic drugs, such as analgesics. The morphological 
lesions unrelated to CyA therapy are indistinguiskable from those in patients not receiving 
CyA.°*" Any pre-existing renal damage especially involving the vascular tree and the tubu- 
lointerstitial space may complicate, or even prevent, identification of CyA-related lesions. In 
summary, not every lesion seen in the kidneys of Cr A-treated patients is drug-related. With 
the current use of lower drug dosages, it is becorrmemg more difficu't to identify CyA-related 
lesions and, therefore, the biopsy register with a panel ef experienced pathologists was esta- 
blished. 

The CyA renal side-effects are dose-dependent. ™ S Facters modulating CyA side-effects 
are age, the presence of additional risk factors sseh as nephrotosic drugs and, probably, 
individual drug sensitivity.” The aim of the current recommended therapeutic schedules is 
to restrict the probability of morphological changes to below 10°, in CyA-treated patients. 

Functional changes encompass side-effects whic are not associsted with distinct mor- 
phological renal lesions and which are usually present even at therapeutic trough levels and 
dosages. Morphologica! changes closely related to the CvA dese become superimposed on the 
functional changes and cause further deterioration of renal fimction. Although morphological 
tubular changes are quickly reversible, vascular (—imtersttial’ lesions may result in irreversible 
renal damage. 
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Frequency and time of presentation 

In the past, morphological CyA-related lesions were present in more than 50°, of biopsies 
from renal transplant recipients." The frequency of such lesions in kidney transplant 
recipients decreased with the use of lower CyA doses to less than 10°, of biopsies, and tubular 
lesions in particular have become a rare finding. In patients with autoimmune diseases, 
morphological (primarily vascular—interstitial) changes have been found in approximately 20%, 
of these cases (M.J.Mihatsch, unpublished data). However, this register includes biopsies 
dating back to 1984, when patients were still being treated with dosages of more than 10 mg/kg 
body weight. In the last 2 years, a decrease in morphological lesions has been encountered as 
patients are now treated with lower doses. 

Functional changes, however subtle, are inevitable with CyA treatment. Morphological 
tubular lesions may be found whenever creatinine increases to more than 100°, above baseline 
values. Vascular (—interstitial) lesions are rarely seen before the second month of treatment, but 
may already be present within the first week.'®”° Interstitial fibrosis is usually found at 6 or 
more months after starting therapy." However, reliable data concerning the relationship 
between the time of onset of vascular (~interstitial) lesions, and CyA dose and other risk factors 
are not yet available. 


FUNCTIONAL CHANGES 


Clinical findings 

Consistent with the dual effects of CyA,”' clinical findings due to tubular as well as vascular 
dysfunction are usually present. Tubular dysfunction is reflected by a reduced magnesium and 
bicarbonate concentration in serum, and an increased potassium and uric acid concentration. 
Vascular dysfunction, on the other hand, results in increases in serum creatinine and urea, and 
a decrease in glomerular filtration rate and renal plasma flow. The tubular symptoms are not 
clinically relevant. Creatinine increases of more than 30%, however, may indicate structural 
alterations (see below). Hypertension may also be present in up to 20%, of patients. 


Morphology 

Systematic biopsy studies, including electron microscopy, are not available from patients with 
functional changes alone. On light microscopy, the renal tissue appearances are within normal 
limits. 569142223 


Pathogenesis and aetiology 

The mechanisms leading to tubular and vascular dysfunction are the subject of many ex- 
perimental investigations.” Renal findings after a single intravenous administration suggest 
that CyA causes a pre-glomerular vasoconstriction,” which may not only explain the rise in 
serum creatinine, but also the tubular dysfunction which resembles the findings in pre-renal 
azotaemia.*' A more generalized vasoconstriction would also explain the eventual rise in blood 
pressure. The mechanisms responsible at the cellular or even molecular level are as yet 
unknown.”! 


TUBULAR LESIONS 


Clinical findings 
These findings do not differ from those of functional toxicity except that serum creatinine may 


be higher (> 100°, of baseline) and there is little evidence of roximal tubular dysfunction, 
8 p 
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As tubular toxicity is now rare in kadnev biopsies because of the use of low CyA dasages, the 
morphology is only briefly described. For more details, the reader is referred to earlier 
reviews.° 


Morphology 

The morphological tubular changes’ comprise irciusion bedies in tubular epithelial cells 
corresponding to giant mitochondria, isometric tucular vaeuolization and microcalcification 
(Fig. I). Giant mitochondria predtminantly occur in the convoluted parts of the proximal 
tubule whereas isometric vacuolizat.on is limited to the straight parts of the tubule. The three 
different lesions may be seen together in one biopss.. ia any combination or even in isolation. 
Tubular lesions are focal and difficult to identify e> light microscopy; they are best seen in 
formalin-fixed tissue using trichrene stains. In tropical examples, glomerular, vascular or 
interstitial lesions are absent. Tubular toxicity may be superimposed, however, on any other 
lesion. 

Although highly characteristic, giant mitochondeia. isometric vacuolization and microcal- 
cifications are not specific to CyA therapy, especially when the three different lesions are 
present in one biopsy. Giant mitochondria may b= found ir a variety of conditions,’ and 
isometric vacuolization is indistinguishable from o«metic nephrosis as seen in patients given 
mannitol, dextran, sucrose or contrast media.*° 














Aetiology and pathogenests 

An essential aetiological factor in tae development ef tabular toxicity is a toxic CyA trough 
levelt exceeding 1000 ng/ml (whole blood measured using polyclonal antibody). In the 
presence of additional renal damage, in particular #@chaemia, co-medication with nephrotoxic 
drugs and rejection, tubular lesions may be foumc and usually at non-toxic CyA trough 
levels.*'* Increased individual sensaivity to CyA mey also account for tubular lesions at low 
CyA trough levels in the absence of additional risk &czors.'° Tubular lesions are due to direct 
tubular damage caused by the parent compound, rather than its metabolites.”* 


VASCULAR-INTERSTITIAL LESIONS 


Clinical findings 

Vascular-interstitial lesions are the nost important and most frequent morphological changes 
seen at present. The clinical findings are superimposed upon symptoms of functional changes, 
and appearances are similar in patients with kidney. heart, liver and bone marrow transplants 
as well as in patients with autoimmune diseases. = Slowly progressive deterioration of renal 
function and, eventually, hypertension are the mow important signs. A further indication of 
vascular damage may be an increase-of factor VIH and anti-thrombin III in the serum, 3537 and 





Finally, several cases of haemolytic uraemic syndrer: 
CyA, including those with autoimmune disease.” 





e were reported in patients treated with 


Morphology 
Three different morphological les.ons have been observed which may occur alone or in 


and interstitial fibrosis (striped form) with tubular e:rcphy. These lesions have been described 
in patients independent of the underlying disease “eing treated with CyA.27793095384142 The 
morphogenesis is schematically sucamarized in Fig. 2. 
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FIGURE 1. Tubular lesions: (a) giant mitochondria and (b) isometric vacuolization. EMs, (a) x 
3350; (b) x 850. 


Arteriolar or glomerular fibrin or platelet thrombi affect only very few glomeruli or vessels 
(Fig. 3). Fibrin thrombi have been found in diagnostic kidney-transplant biopsies in approxim- 
ately 3% of CyA-treated patients.®'’%° In later stages, membrane whorls consistent with 
sequelae of fibrin thrombi may be seen at the vascular pole of the glomerulus. In 25-50% of 
the patients with thrombi, CyA-associated arteriolopathy is also present, 179939 

The hallmark of vascular-interstitial toxicity is CyA-associated arteriolopathy and intersti- 
tial fibrosis (striped form) with tubular atrophy.*'*434 The vascular lesions predominate in the 
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FIGURE 2. Morphogenesis of CyA-assocated artertologathy: (a) part of a normal arteriole; (b) early 
lesion consisting cf vacuelization. inchiding bodies «nd endothelial cell necroses; (c) fibrin and 
platelet thrombi om the denuded caserrent membrane and proteimimsudatmm into the vessel wall; 
(dì after regeneration of the endethelial cell, protein deposits persist within the vessel wall. 


peripheral vascular tree; arterioles (afferent vessels) and arteries with up to two layers of 
smooth muscle cells are almost exclusively affected. The lesion may extend to the vascular pole 
of the glomerulus, involving some glomerular segments, and into arteries where taney branch 
into arterioles. Proliferative arteriopathy of interlcsular and arcuate arteries* is not a feature 
of CyA toxicity.” 

Intimal fibrosis in arteries, however, is common in cases of severe and long-standing 
CyA-associated artericlopathy. Cyzlosporin A-asseciated arteriolozathy occurs in two forms 
which may be co-existent.°* In most cases, nodu.ar protein deposits permeate the arteriolar 
wall, thus narrowing or even occluding the vascular lumen. These deposits are often arranged 
in a pattern resembling a pear] necklace or clover leaf (Fig. 4). Electron microscopy reveals that 
these protein deposits have replaced necrotic smooth muscle eclls (Fig. 5). They consist of IgM 
and/or complement (C3/C1q) and, occasionally, fibrin (Fig. 6). In cases of mild CyA-associat- 
ed arteriolopathy, the distinction from arteriolar hralinosis becomes very difficult. The second 
form is characterized by a mucoid thickening of the intima, reswiting in narrowing of the 
vascular lumen (Fig. 7); this is very rarely seen in patients with autoimmune diseases. 
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FIGURE 3. Fibrin thrombus on the vascular pole of the glomerulus. EM, AFOG stain, ( x 500). 


The end result of the vascular lesion may be complete occlusion of the arterioles (Fig. 8), 
which eventually vanish within the interstitial fibrosis. In both types of CyA arteriolopathy, 
but possibly also in their absence, minor changes in endothelial and smooth muscle cells may 
be present, including vacuolization, single-cell necrosis and inclusion bodies corresponding to 
lysosomes. 

Cyclosporin A-associated arteriolopathy is accompanied or followed by interstitial fibrosis 
(Fig. 9). Irregular foci or stripes of interstitial fibrosis with atrophic tubules are observed in 
the renal cortex,**"'*""5 while tubules in other areas appear essentially normal. A sparse mononu- 
clear cell infiltrate is often seen in the fibrotic areas not only in patients with kidney transplants, 
but also in those with autoimmune diseases who have primarily extrarenal manifestations. 
Intimal fibrosis may be seen in arteries, and glomerular changes are usually not conspicuous, 
but become more frequent and prominent (obsolescent glomeruli, segmental focal glomerulo- 
sclerosis) in cases of advanced interstitial fibrosis and tubular atrophy. Typical CyA-associated 
arteriolopathy or, more often, completely scarred arterioles or atypical arteriolar lesions may 
also be found. 
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FIGURE 4. Glomerulus with afferent arteriole permeated by nodular proteir deposits and narrow- 
ing of the vascular lumen. EM, AFOG stain, (& >» 3475 b) x So! 


Differential diagnosis 

The morphological lesions seen in + ascular—interstitial toxicity are non-specific; CyA-associat- 
ed arteriolopathy is very similar to that seen in cases of thrombotic microangiopathy without 
CyA treatment.” Cyclosporin A-associated artericlopathy and hypertensive or diabetic ar- 
teriolar hyalinosis is usually easily differentiated because of the presence of focal nodular 
deposits within an intact smooth muscle cel! layer in hyalinosis,” in contrast to nodular 
deposits replacing necrotic smooth muscle cells in CyA-associated a-teriolopathy. In advanced 
cases of hypertensive or diabetic arterio opathy, or m late stages or mild forms of CyA-associat- 
ed arteriolopathy, however, differentiation using ight micrescopy may be either difficult or 
impossible. 


Pathogenesis and aetiology 

The pathogenesis of vascular—interstitial lesions is still poorly understood. The morphology in 
human biopsies and the experimental findings suggest primary endothelial and smooth muscle 
cell damage of the vasoconstricted afferent vessels. This process may result in a subclinical 
and recurrent thrombotic microangiopathy, ®™™ am assumption further supported by the in- 
creased deposition of platelets in patients with kidney transplants, and CyA-associated ar- 
teriolopathy with an increased urme excretion of thromboxane, indicating platelet degrada- 
tion.?°*? Some patients receiving CYA develop the ty pical clinical picture of haemolytic uraemic 


CyA in autoimmune diseases 





FIGURE §. Early and late stages of CyA-associated arteriolopathy: (a) extensive necrosis of the 
smooth muscle cells within the vessel wall and early protein deposits; (b) advanced Stage with 
nodular protein deposits replacing smooth muscle cells, and occlusion of the vascular lumen by 
fibrin and protein thrombus. EM. x 2350. 


syndrome.'®** Interstitial fibrosis with tubular atrophy is the result of chronic ischaemic 
damage of the tubulointerstitial space due to CyA-associated arteriolopathy.*"*5° 


RISK-FACTOR ANALYSIS AND RECOMMENDATIONS 


The major risk factors observed in the different groups of patients receiving CyA are sum- 
marized in Table 2.***'*} The most important factors are age, percentage increase of serum 
creatinine over baseline, dosage and/or blood levels of CyA, hypertension, pre-existing or 
additional renal damage such as ischaemic renal failure, kidney irradiation and co-medication 
of nephrotoxic drugs (for example, antibiotics and non-steroidal anti-inflammatory drugs). As 
patients with psoriasis usually have no pre-existing renal pathology, the most important factor 
is the maximum increment of serum creatinine (30% over baseline). In patients treated for 
autoimmune diseases, there is a correlation between the incidence of vascular—interstitial 
lesions and the extent of serum creatinine increase: the incidence of vascular-interstitial renal 
lesions was 6:5%, 11°, and 40°, in patients with creatinine increases of 30%, 30-50% and 
50-75°., respectively. 

As regards age, children appear to be less prone to developing vascular-interstitial lesions; 
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FIGURE 6. Immunofuorescent ‘indings o circular nodular complement deposits m arterioles. EM 


x §00. 


this may be due to either a lower drug sensitivity or a decreased bioavailability due to higher 
metabolic rates in childhood. Thus, seram creatinime increases are lower in children than in 
adults for a given dose. However, the risk of developing ' ascular—interstitial lesions in patients 
with comparable reductions of renel function is identical for children and adults.” 

The size of the dose is the third most important ask factor in CyA therapy. Ata daily dose 
of less than 5 mg/kg body weight, n0 significant w -ukar—-interstitial lesions were found. At 
higher doses of CyA, 5-7:4 mg/kg end 7-5-1909 mg Xg, the prevalence of vascular-interstitial 
lesions increased to 13°, and 29”... respectively. 

Current recommendations for the treatment of pants with autoimmune diseases, including 
psoriasis, should take into consice! cion the above rmx-factor analysis. Treatment should begin 
with doses of 5 mg/kg or less with careful monitormg cf serum creatinine concentrations. If 
serum creatinine increases to more ther. 30°, over baseline, dosage should be adjusted. If 
hypertension develops, pharmacolagica -ontrol shemid be instituted or CyA therapy must be 
stopped. 


CONCLUSIONS 


Cyclosporin A may produce a new fomm of drug texicity which is dose-dependent. At low 
dosages or blood levels, functiona changes prevail, consisting of reductions in glomerular 
filtration rate and renal plasma flow. Superimpose= over these fur.ctional changes are mor- 
phological alterations of the proximal tubule and, more importantly, of the vascular—interstitial 
space which may develop at high CrA Gosage and «r drug levels. The likelihood of developing 
vascular-interstitial lesions resulting in progressive rena! failure depends on dose, concomitant 
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FIGURE 7. Rare form of CyA-associated arteriolopathy with mucoid narrowing of the vascular 
lumen. Note extensive necrosis of the vascular smooth muscle cells. EM, AFOG stain, x 900. 


risk factors and individual sensitivity to the drug. If these recommendations are strictly 
followed, CyA therapy does not present a major risk to the kidney. 


SPECIAL NOTE 


International Kidney Biopsy Registry of Cyclosporin A (Sandimmun®) in Autoimmune 
Diseases 

In order to obtain a standardized evaluation of kidney biopsies in patients treated with CyA 
for autoimmune diseases, an Advisory Board has been organized by nephropathologists who 
already have wide experience in this field. Various geographical regions have been defined and 
assigned to the specialized pathologist who will review all kidney biopsies in that region. At the 
constituting session, the members of the Advisory Board of pathologists established a catalogue 
of morphological findings which may occur after CyA therapy. All physicians wishing to 
contribute to the Kidney Biopsy Registry will be asked to provide unstained sections or, if 
possible, tissue blocks of appropriately fixed biopsy material to the regional review pathologist 
or to any pathologist on the Advisory Board. The tissue blocks will be returned within 1 month 
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FIGURE 8. Advanced stage of CyA-associated artermlopathy with complete occlusion of the 
vascular lumen. EM, PAS stain, x 45c 


together with the interpretation of tae reviewing patologist. A few representative sections will 
be permanently retained for meetings of the Advisory Boarc 


Review pathologists 
Children worldwide 

Dr R.Habib, Hopital des Enfants Malades, Pars. France 
France (adults) 

Dr L.H.Noel, Hopital Necker, Paris, France 
Germany 

Dr U.Helmchen, Universitatsk!mik =ppendort, Hamburg, FRG 
Scandinavia and Great Britain 

Dr S.O.Bohman, Karolinska Instituet, Huddinge, Sweden 
U.S.A. (East Coast) 

Dr T.Antonovych, Armed Forces Irstitute of Farhology, Washington, DC, U.S.A. 
U.S.A. (West Coast) 

Dr R.Sibley, Stanford University, Palo Alto, California. U.S.A. 
Other countries 
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FIGURE 9. Striped form of interstitial fibrosis with tubular atrophy seen at three magnifications: 
(a) renal biopsy with severe fibrosis and tubular atrophy (between black lines); (b) higher 
magnification shows adjacent atrophic tubules surrounded by fibrosis and well-preserved renal 
tissue; (c) atrophic tubules exhibit mostly thickened basement membranes. EMs, PAS stain, (a) 
x 30; (b) x 60; (c) x 163. 


TABLE 2. Risk factors of vascular—interstitial lesions in CyA-treated patients: a summary of various studies 








Kidney Bone-marrow Heart Autoimmune 
transplant transplant transplant disease 

Age — — — + 
CyA ARF = + + + 
CyA TL + + + + 

(long-term) 
Nephrotoxic 

drugs (ARF) = + — — 
Ischaemic ARF - — — — 
Hypertension — + — - 
Pre-existing 

renal damage — — — + 

( > 200 mol/l) 
Irradiation — + — — 





ARF = acute renal failure or percentage increase in serum creatinine; TL = CyA trough level. 
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Side-effects of psoralen photochemotherapy 
(PUVA) 


K. WOLFF 


Department of Dermatology 1, University of Vienna, Vienna, Austria 


SUMMARY 


Although psoralen photochemotherapy (PUVA) is one of the most effective forms of therapy 
for psoriasis, the risk of potential long-term side-effects is, as yet, not clearly determined. 
Chronic degenerative and pigmentary skin changes similar to those of chronic solar exposure 
occur after long-term PUVA treatment; PUVA also causes non-melanoma skin cancers in man, 
although there is, as yet, no consensus as to what cumulative phototoxic PUVA dose is 
carcinogenic. Long-term multicentre studies from the U.S.A. indicate a definite risk of 
squamous cell carcinoma for long-term PUVA-treated patients, whereas European studies 
reveal no overall increase in skin cancers in similar patients except for those exposed to other 
carcinogens. Assignment to PUVA should be based on the risk: benefit ratio for the individual 
patient. Careful patient selection is therefore mandatory and should be limited to those who 
can be monitored and controlled by informed, competent and conscientious physicians. 


Psoralen photochemotherapy (PUVA)' is one of the most effective forms of therapy for 
psoriasis.’ It induces a complete clinical remission within a reasonably short period of time and, 
as maintenance therapy, can produce a remission for an extended period. In combination with 
retinoids,’ the clinical efficacy of PUVA is greatly improved and is likely to minimize the 
potential long-term side-effects. 

There is now considerable clinical experience regarding the short-term safety of PUVA, but 
the risk of potential long-term side-effects is, as yet, not clearly determined. 


ACUTE SIDE-EFFECTS AND TOXICITY OF PUVA 


Side-effects (Table 1) are related to overdosing with long-wave ultraviolet (UVA) radiation or 
the patient’s inability to tolerate the psoralens used in the treatment. The most frequent 
side-effect due to overexposure is erythema.’ Pruritus is also UVA dose-related, and a few 
patients experience painful burning sensations in the exposed skin towards the end-phase of 
treatment. 


Correspondence: Professor K. Wolff, Department of Dermatology 1, University of Vienna, Alser Strasse 4, A-1090 
Wien, Austria. 
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TABLE I. Immediate side-effect: of PUVA (n = 317% 
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Intemuption Interruption 
Discontinustios (clearing (maintenance 
Frequency of PUVA. plase) (phase) 

Side-effect (%) Pa) ETa (%) 
Erythema 32°4 hey 57 03 
Pruritus 256 r4 2Q o4 
Nausea 135 œG 1% o3 
Headache 2-0 om I Ol 
Koebner reaction 20 2 r4 ol 
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Overdose phenomena usually arise in areas net normally exposed 10 natural sunlight. Careful 
observation of the criteria for dosimetry and the guidelines for treatment’ will reduce these 
adverse events. 

Transient nausea is relatively common with 8-M2P(8-methoxypsoralen; methoxsalen) used 
as a photosensitizer,’ but occurs orly rarely with s~MOP (5-methoxypsoralen).° Only on rare 
occasions is the nausea so severe as to necessitate discontinuation of treatment. Other short- 
term side-effects include acne-like eruptions, polyr:orphous light eruption-like rashes, subun- 
gual haemorrhages due to phototoxic reactions anc transient bypertrichosis of the face.’ These 
are all reversible and disappear on discontinuation of treatment. 


Laboratory data 

As psoralens in excessive doses are hepatotoxic in laboratory animais, there has been concern 
in the past as to liver damage in humans. Laboratory examinations performed over many years 
have not revealed evidence of impaired hepatic functicn and, though a slight increase in blood 
urea nitrogen (BUN) and creatinize has been docomented in one series, there is no evidence 
to suggest impairment of renal function. in large-scale studies." Ana}ysis of the laboratory data 
from several studies has not revealed significant abnormal findings in those patients who have 
received PUVA over a prolonged period of time “Table 2). One study reported an increased 
incidence of antinuclear antibodies in PUV A-treated patients,” but other studies have shown 
no such relationships." 


Potential long-term rises of POVA 

On the basis of in vitro experiments and animal studies, psoralens and UVA are known to have 
mutagenic and carcinogenic effects. "t" It is to be expected that these effects are of relevance 
to man. Potential long-term side-effects of PUVA therapy include caronic actinic skin damage, 
cutaneous tumours, ocular damage and immunological alterations. It is assumed that these 
adverse effects depend on the total cumulative phototoxic dose received over a prolonged 
period of time and are probably enly apparent afer an extended period of latency.”” 





Chronic actinic skin damage 

Chronic PUVA treatment may produce changes the skin that resemble premature ageing 
induced by sunlight. Both dermal and epidermal changes have been reported, but studies of 
chronically exposed skin have revealed contradictory sesults...A pheaomenon described as focal 
epidermal dystrophy” was reported in one study % affect 50%% of patients treated for up to I 
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TABLE 2. Laboratory test results from the U.S.A. 16-centre PUVA study* 
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Positive No Negative P value Mean 
Test change change change (sign test) change 
Haematocrit 422 133 363 <05 +027 
WBC 396 3I 494 < OO! — O16 
Bilirubin 359 138 414 <01 — 0005 
Alkaline phosphatase 392 59 463 < OOS — 4:83 
SGOT 4I 70 463 >02 — 1-06 
LDH 350 32 445 < 0-001 — $15 
BUN 400 8&6 269 <O-001 +079 
Creatinine 370 193 302 <OO1 + OO! 
Uric acid 367 47 498 < O00! — O16 


*Melski et al.® 
WBC = white blood cell count; SGOT = serum glutamic-oxaloacetic transaminase; LDH = lactate dehyd- 
rogenase; BUN = blood urea nitrogen, 


year, but these changes have not been consistently found in other studies'*"? and, when 
observed, were seen only in patients who had received an extremely high radiation load." Focal 
epidermal dystrophy consists of abnormally large hyperchromatic nuclei in epidermal cells 
either singly or in clusters, focal disorientation of keratinocytes and atypical cells with lobulat- 
ed or multiple nuclei. It is not known whether such foci of epidermal derangement represent 
precursor lesions for actinic keratoses or epithelial tumours. In one study,” it is of interest that 
epidermal dystrophy did not increase with increasing exposure. Reversal of these changes has 
been observed after cessation of PUVA therapy." 

Dermal changes are the most consistent finding in chronically PUVA-treated skin.’??' These 
include eosinophilic homogenization of the dermo-epidermal junction, reduction and frag- 
mentation of elastic fibres and an accumulation of an amorphous, eosinophilic material around 
blood vessels. A certain dose-dependency of these changes has been documented” and it is 
reasonable to assume that dermal changes induced by PUVA add to the injury induced by 
natural sunlight. 

Changes of the epidermal pigmentary system induced by chronic PUVA include a clustering 
of melanocytes, an increase in melanocyte size and heavy melanization of keratinocytes.” The 
increase in the number of melanocytes and dermal melanophages noted in chronically PUVA- 
treated skin directly correlate with the total UVA dose used.” No changes have so far been 
observed in melanocyte structure that suggest early premalignant degeneration. 

Long-term PUVA patients may develop widespread lentigines which are different from 
ordinary solar lentigines. An increased proportion of large melanocytes with aberrant 
melanosome changes has been reported as well as an increase in the average size of 
melanosomes and the occurrence of giant melanosomes.”} It is not known whether these 
melanosome changes represent a reversible phenomenon or evidence of somatic mutation. 

PUVA-induced mottling is a pigmentary phenomenon observed in a minority of patients and 
is mainly, but not invariably, restricted to areas of overdosage.” It consists of hyper- and 
hypopigmentation combined with atrophy. The accumulation of lipids in the hyperplastic 
melanocytes of PUVA-treated skin may be a result of overstimulation leading to melanocyte 
destruction,” resulting in mottling in the hypo- and depigmented areas. 
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TABLE 3. PUVA and non-melaneme skin cancers” 
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Observation 
zerixd Tumours 

Authors (Ref) Year (weeks) n (2%) BCC/SCC 
Stern (29) 1979 2 373 2-2 1/1°3 
Hoénigsmann (32) 1980 s 418 1-2 1/3 
Roenigk (37) 1981 4 631 1-6 1/3 
Lassus (35) r981 3 525 o2 1/0 
Ros (36) 1983 å 250 0) o 
Stern (30) 1984 € 2286 a Iii 
Eskelinen (39) 1985 € 1047 o4 1/1 
Tanew (40) 1986 £ 297 373 1/2 
Henseler (41) 1987 f 1643 2I I/I 
Stern (31) 1988 Ic 1380 117 1/18 
Forman (38) 1989 1G S$] 38 I-sji 


n a r a a 


* Selected studies. 
BCC/SCC = basal cell carcinoma; squamous cell carcinoms. 


Carcinogenesis 

The photochemical reaction in PUVA involves the mteraction of psoralens with DNA which 
has been shown to produce mutatiens in bacterial systems’*” and ir mammalian cells.” PUVA 
induces an increased number of sister chromatid exchanges in vitro,” but such changes have 
not been observed in vivo during therapy.” 8-methoxypsoralen plus UVA is carcinogenic in 
animals and it has been shown tha, with topical or intraperitoneal application of 8-MOP, the 
rate of skin tumours is higher than after oral admicmstration. 1728 The induction or promotion 
of skin cancers in patients treated over prolonged periods of tame with PUVA therefore 
represents an area of concern. 

A 16-centre cooperative study m the U.S.A. reported an increased risk of non-melanoma 
skin cancers in patients treated with PUVA.” This increased risk was particularly evident in 
patients with a previous history of ionizing radiation cr previous cutaneous carcinoma. The 
risk was apparent in the second vear after the imitiation of PUVA and has been sustained 
dose-dependently after 5 and 10 yzars °°? In the saitial study, the incidence of squamous cell 
carcinomas was significantly higher tnar. that ex>ected in the general population and par- 
ticularly high in those areas of the skin net usually exposed to the sun. On the other hand, the 
incidence of basal carcinomas did aot differ initially from that expected in the general popula- 
tion.2? Indeed, no overall increase in skin cancers has been observed in several large-scale 
European and other U.S.A. stucies during the first § years of follow-up (Table 3). The 
development of skin cancers in PUV A-treated patents appeared to be related to particular risk 
factors, such as previous ionizing -adiaticn and arsenic intake. The initial question raised, 
therefore, was whether PUVA in humans is oncegenic by itself cr only a prometer in those 
patients who carry a genetic predisposition or who save beerrexposed to other risk factors, such 
as excessive solar radiation, arsenic and ionizing radiation. The skort latency period between 
PUVA treatment and carcinoma development in “he first r6-centre U.S.A. study” was con- 









shown a definitely increased risk of squamous cell carcincma ir long-term PUVA-treated 


Side-effects of PUVA 121 


patients, a conclusion supported by another, independent, multicentre trial from the U.S.A.” 
Of 1380 patients observed for 10 years after first exposure to PUVA, 162 were found to have 
a total of 391 squamous cell carcinomas and 218 basal cell carcinomas, demonstrating a strong 
association between cumulative exposures to PUVA and increased carcinogenesis.’ For 
tumours occurring at least 58 months after the initial treatment, an elevenfold increase in risk 
was found for patients who had received more than 260 treatments compared with individuals 
who had received 160 or fewer treatments during the same time interval.” (Six per cent of the 
cohort, who had received more than 260 treatments by the fifth year of follow-up, averaged 
more than 7000 J/cm’ by the end of the study period!) 

In contrast, large-scale European studies have not found an increased risk for squamous cell 
carcinomas in long-term PUVA-treated patients unless they belong to the risk groups men- 
tioned above.?™* An exceptionally high risk for developing skin cancers has been reported for 
two patients who had received both methotrexate and PUVA.” In the European PUVA study, 
for instance, which involved an 8-year follow-up of 1643 patients and an average observation 
period of 96 months, only 36 patients were observed to have a total of 71 tumours (40 squamous 
cell carcinomas, 23 basal cell carcinomas, one keratoacanthoma and one melanoma).” Nearly 
all of the patients with tumours had been exposed to various carcinogens before the initiation 
of PUVA and no tumours were detected in patients without such previous treatment, although 
10°, of the patients had received more than 3000 J/cm’ as a total cumulative UVA dose. 

This apparent discrepancy between the U.S.A. and European experience is enigmatic, but 
may be explained by several variables, such as patient selection (ethnic background, previous 
exposure to potential carcinogens, solar exposure), treatment schedules and light sources. The 
smaller percentage of skin Type I patients in the European series***’ and the more aggressive 
treatment schedule (fewer, but higher, phototoxic PUVA doses), which is less carcinogenic in 
the murine model,“ may account for the lower incidence of squamous cell carcinomas in 
these series. There is consensus that tumours developing in long-term PUVA-treated patients 
are biologically not aggressive and, so far, metastasis has occurred in only two patients.*! 
PUVA-induced tumours are small, slow-growing and removable by simple excision. 

The main concern related to oncogenic risk of photochemotherapy is malignant melanoma. 
Although morphological data in some studies have apparently indicated irreversible structural 
changes in melanocytes, malignant melanomas have been observed in only a few PUVA-treated 
patients*™° and, so far, there is no evidence to support an increased frequency of melanoma 
in patients exposed to PUVA for prolonged periods of time.* 


Immunological effects 
PUVA has been shown to alter immune responses to a variable and minimal degree which has 
not been clinically relevant. PUVA causes dose-dependent changes in the function of lym- 
phocytes*”“? in both experimental animals and man, possibly as a result of impaired inter- 
leukin-2 (IL-2) production, and diminishes the induction of allergic contact dermatitis and 
delayed hypersensitivity.°'°5 Full-thickness graft survival has been shown to be prolonged in 
animals after exposure of the donor and recipient sites to PUVA.*° Langerhans cell function 
may be impaired and a reduced number of Langerhans cells has been reported in PUV A-treat- 
ed experimental animals, human volunteers and psoriatics, using either adenosinetriphospha- 
tase (ATPase) or major histocompatibility complex (MHC) Class IT molecules as identification 
markers.°”*' A reduction of the overall epidermal allostimulatory capacity has also been 
reported.” 

PUVA may suppress immunological surveillance not only locally in the skin, but also 
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systemically, although such changes:are reversible amd their clinical significance not yet known. 
Indeed, this ‘immunosuppressicn’ may explain the therapeutic success of PUVA in diseases 
other than psoriasis.” However, there is speculation that mis impaired snmunological function 
may contribute to the development of skin carcincezas in long-term PUVA therapy.” 

There is also controversy concerning the possible effects of PUYA on the function of 
neutrophils in antibody production and immune complexes. and a potential induction of 
autoimmune disease.” Unmasking of subclinical s™stermc kipus erytaematosus and bullous 
pemphigoid by PUVA has been reported,” but sewera: large-scale multicentre studies have 
presented strong evidence against a possible relatiomshap between PUVA and the induction of 
autoimmune disease.'''* Other than an creased ins:dence ef recurrent herpes simplex, there 
is no evidence of an increased risk of bacterial, viral cr “ungal infectiens in patients exposed 
to photochemotherapy for prolonged pericds of tre. 
















Ophthalmological effects 

High-intensity UVA can lead to cataract fermation. and animal expermments have indicated a 
potential ocular toxicity in association with PUVA. Psozakens can be detected in lens tissue, and 
photoproducts have been demonstrated in lens protain in rats on expesure to UVA which may 
accumulate and remain permanently within the less ^ Cataracts have been produced in 
experimental animals after high doses of 8- MOP and U\.A, but not with doses comparable to 
those used in photochemotherapy in man." 

So far, there is no convincing evidence that psoralem-induced cataracts may occur in patients 
subjected to long-term photochemotherapy.’ In tre U.S.A. photochemotherapy follow-up 
study, there was no evidence of an accelerated discursaqace of visual acuity in 1235 patients 
examined at least 1 year after starting therapy.” Izis noteworthy that in a follow-up of 13 
patients who had been treated for vitiligo with 8-NS)P and natural sunlight, no eye changes 
were seen from between 2 and 12 vears after initiaticn of therapy, despite the fact that eye 
protection had not been recommended.” Te avoid eve toxicity, it is preferable that appropriate 
UVA-opaque spectacles be worn during the entire peried cf increased photosensitivity after 
psoralen ingestion.” At present, the indications are that, if eye protection is provided, PUVA 
will not induce ocular toxicity in hamans. 


CONCLUSIOC®S 





Photochemotherapy is a highly efective treatmemt “or severe psoriasis. While there is a 
comprehensive clinical experience documenting PUA short-term safety when used according 
to standardized methods, the risk cf pctential long-term side-effects nas not yet been ascer- 
tained. In view of these potential long-term hazards. the assignment: ef patients to photoche- 
motherapy should be based on consideration of the risks and bemeats for each individual 
patient. Careful patient selection, therefcre, appears be mancetory. According to the 
guidelines issued by the Task Force on Photobiology of the American Academy of Dermatol- 
ogy,” patients should have severe psoriasis with a > 30", body involvement. The condition 
should be disabling physically, emotionally and ece tomically, and se severe that it cannot be 
adequately managed by conventional antipsoriatic treatments. It is also preferable to limit 
PUVA to older patients.” However. these guideline: are aot strictly adhered to as far less than 
a 30% body involvement is often cisatling, and pseriasis cam be particularly devastating in 











younger patients. Concern should primarily be œmred on long-term treatment and the 


es 





avoidance of excessive total cumulative PL VA doses by the use of combination treatments” 
or by cycling patients through different treatment modalities. 
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Severe impairment of hepatic and renal function is usually considered a contraindication to 
PUVA because metabolism and excretion of psoralens may then be inadequate. Patients with 
chronic actinic damage and a history of skin cancers may bear a higher risk for the development 
of new cancers, and previous arsenic intake and ionizing radiation also increase the risk of 
non-melanoma skin cancers. Immunosuppressed patients should probably not receive PUVA 
as the treatment may add to the already existing immunosuppression. 

Severe widespread psoriasis is a devastating disease which may result in disruption of 
professional, social and private life. After 16 years of experience with PUVA for the treatment 
of psoriasis, however, it has become evident that this therapy offers patients the chance to 
resume normal lives although, in view of the potential risks, they should be carefully selected, 
and the treatment limited to those who can be monitored and controlled by informed, com- 
petent and conscientious physicians. 
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Methotrexate side-effects 


H.ZACHARIAE 


Department of Dermatology, Marselisborg Hospital, University of Aarhus, Aarhus, Denmark 


SUMMARY 


Methotrexate is by far the most widely used cytotoxic drug in psoriasis. Treatment requires 
normal kidney, liver and bone-marrow function, and pregnancy and alcohol abuse are absolute 
contraindications. Serious toxic reactions are recognized, but can be avoided if the drug is used 
correctly. The most important side-effects are haematopoietic and hepatotoxic. It is well 
established that long-term methotrexate can induce liver damage which, in a number of 
patients, may lead to fibrosis or cirrhosis. Recent studies have, however, documented that the 
methotrexate-induced liver cirrhosis is not aggressive. Interaction can occur with a number of 
drugs; serious problems in particular may arise with concomitant use of sulphonamides and 
salicylates. The recommended guidelines for methotrexate use in psoriasis should be followed 
and patients given clear instructions. 


Cytotoxic drugs have been used against psoriasis for more than 34 years. Among these, 
methotrexate (MTX), introduced in 1958, is by far the most widely used. The arrival of 
psoralen and long-wave ultraviolet light (PUVA), retinoids and now cyclosporin A (CyA) has 
undoubtedly reduced the use of MTX. The drug, however, is still very much in use because 
of its efficacy and a high degree of patient compliance. Among the various treatment modalities 
for severe psoriasis and psoriatic arthritis, the longest experience is with MTX. 

The immune system is a possible target for the antipsoriatic effects of MTX. Other possible 
working mechanisms are interference with epidermal cell kinetics, presumably by a temporary 
reduction in DNA synthesis, a decrease in neutrophil and monocyte chemotaxis, and inhibition 
of the Csa-induced skin response and LTB -induced intraepidermal penetration of granulo- 
cytes.” Methotrexate may be given orally once weekly in a single or divided dose, or in a 
once-weekly parental dose. Treatment depends on normal kidney, liver and bone marrow 
function, and pregnancy and alcohol abuse are absolute contraindications. An active peptic 
ulcer or severe infection should also not be present. A summary of the exclusion criteria for 
MTX use is seen in Table 1. 

Serious acute toxic reactions have been recognized, but can be avoided if the drug is correctly 
used. Methotrexate may lead to long-term side-effects, mainly in the form of liver toxicity 


Correspondence: Professor H.Zachariae, Department of Dermatology, Marselisborg Hospital, P.P. Orumsgade 11, 
DK-8000 Aarhus C, Denmark. 
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TABLE 1. Exclusion criteria for methotrexatein psoriasis 
RAEAN OAOE EEEN AONTAN S TAAA aAA 


Pregrancy 
Renal impairment 
Recert hepatitis 
Pre-methotrexate cirrhosis of the liver 
Excessive alcohol intake 
Patient unreliability 
wwilingness to adopt control measures 
Unwilingness to use comtracepcion 
Active pepuic ulcer 
Severe infections 
Proncunced anaernia 
Leukepenis 
Thrombocytopenia 


DAONA ANAN AUTTEEERAAANANNA OANA NONNATETEA AHCI 1AM ARPES STTS E AAAA an 





(Table 2). Except for complaints of gastrointestinal origin, there appear to be no differences 
in incidence and severity of side-effects among the dosage schedules currently used in psoriasis. 


SUBJECTIVE SIDE-EFFECTS 





These effects can be seen from the first week as well as later & ring treatment. Typically, they 
arise on the same day of or within the first few days following MTX administration. Nausea 
and abdominal discomfort are common while fatigue, headache and vomiting are less common, 
and depression as wel) as anorexiz are rare. In cases of gastrointestinal problems, changing 
from oral to parentera! administracion may be helpful. 


HAEMATOPOIETIC SIDE-EFFECTS 
Haematopoietic suppression with the MTX dosages used in psoriasis is not frequently encoun- 
tered. Leukopenia occurs more frequently than thrombocytopenia. Anaemia rarely arises and 


TABLE 2. Side-cffects of methotrexate in psoriasis 


NLL ANNAN aana ma a on nn 


Common and mild Uncommon Rare 
Nausea Fatigue Stomatitis 
Abdominal discomfort Headache Burning sensation 
Leukopenia Vemitiag Chills 
Hepatotoxicity Tiaromhbocytopena Fever 
Dizziness 
Depression 
Hair loss 
Anorexia 
Gastrointestinal ulceration 
Agranulocytosis 
Pneumonitis 


Toxic epidermal necrolysis 
Diffuse fibrosis 


SOONTOE NAATO O DE ATE TETANO AENEA RRN Aaaa o aa 
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FIGURE 1. Toxic epidermal necrolysis with erosions within the psoriatic lesions has resulted from 
interaction between methotrexate and aspirin. 


agranulocytosis is an extremely rare occurrence. All haematopoietic side-effects may arise 
especially following overdosing with MTX, which may lead to either a decreased renal function 
or interaction with other drugs. Good control of leukocyte and thrombocyte counts in par- 
ticular is mandatory during MTX treatment. 


SKIN AND MUCOSAL COMPLAINTS 


Oral lesions of stomatitis are to be considered a warning sign of an overdose as is a burning 
sensation of the skin, and hair loss is rare. The severe reaction of a toxic epidermal necrolysis 
is associated with overdosages complicated by interactions (Fig. 1). Photosensitivity is not 
uncommon following MTX in high-dose regimes but, in general, this is not a problem with 
treatment of psoriasis. 
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HEPATOTOXICITY 
The main reason for the current loss of ATX popularity as chemotk erapy is without doubt the 


‘liver scare’ and the recommendation of performing liver biopsies to monitor therapy,’ a 
procedure which many dermatologists are hesitant to perform. Although it is well established 
that long-term MTX may induce liver damage which, in seme petients, leads to fibrosis or 
cirrhosis,*’ more recent studies? have documented that such a cirrhosis is not aggressive. This 
is based on serial biopsies taken from 2¢ patients with MTX-induced Liver cirrhosis 1-1 3 years 
after the cirrhosis was established “Table 3). Of 531 patients receiving MTX who have been 
followed-up since 1965, only one has developed liver failure. This was a patient who had 
continued to take the drug while noc under the controlled conditions of the clinic, but 
elsewhere without appropriate monitoring. 

The biochemical basis for the liver texicity with MTX is not knewn. An action on DNA is 
unlikely, and folate depletion has teen suggested to be an importam: factor. In addition to an 
increasing cumulative dosage, other factors associated with long-term liver toxicity in patients 
receiving MTX are alcohol intake, the combination of diabetes and obesity, and previous 
intake of arsenical and other hepatotoxic agents. 

Liver control consists of initially a weekly and, later, a monthly check-up of liver transami- 
nases with half-yearly estimation o7 the alkaline phosphatases. Until recently, our department 
has advocated serial liver biopsies st intervals of 1-1-5 years, depending on the findings of the 
preceding biopsy, and taking a liver biopsy when the total cumulazive dose of MTX reaches 
1:5 g. However, a new non-invasive test, using seram analysis of anaimoterminal propeptide of 
type II procollagen (PITINP).° alows a reduction in the number of liver biopsies required. 
According to this test, psoriatics with iver fibrosis and/or cirrhosis have increased values. It 
is still to be recommended that psor:atics receiving long-term MTX have a liver biopsy 
performed at least after an accumulated MTX dosage of 1-5 g but, if mo significant fibrosis has 
appeared anc the PITINP remains aorrial, the liver biopsies may be reduced to a minimum as 
there is then apparently no great tisk of the development of liver fibrosis or cirrhosis. Other 
non-invasive tests, such as liver scans wsing technetium 99 sulphur colloid and ultrasound or 
magnetic resonance imaging, are insufficient for detecting MTX-induced liver fibrosis. 














PULMOMARY COMPLECATIONS 





Methotrexate may cause a pneumonit:s, but this is rare im the treatment of psoriasis. The 
pneumonitis resolves rapidly after discontinuation of the drug and treatment with glucocorti- 
coids.’° 


NEOPLASIAS 


There is, however, no sound evidence that MTX is to be considered carcinogenic in psoriasis. 
Retrospective as well as prospective stadies in the U.S.A. have shown no increase in the rate 
of cancer in MTX-treated patients." 


MUTAGENICITY 


Methotrexate gives negative results in the Ames est for mutagenicity.” Greater differences 
have been found in chromosomal stedies'? between psoriatics and normal controls than 
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TABLE 3. Results of serial biopsies in patients with cirrhosis 





Cumulative MTX Treatment OAC Cumulative cirrhosis index 
dosage (mg) (years) (years) (grading of consecutive biopsies) 

Total 

with 
Patient Sex/ Before After Before After histol- 
number age* cirrhosis cirrhosis cirrhosis cirrhosis ogy I 2 3 4 § 6 7 8 9g Nnr 
Ia M/61 810 3,580 I 8 10 13 6 7 7 9 È X X X X X xX X 
2a M57 1,270 505 2 I 13 133 7 7 Yr 10 È X X X X X KX = 
3 8,0 F/40 3,250 975 4 2 9 10 10 7 7 B FO LO LE =~ — me — — 
4n [69 3:685 2,245 9 7 TO FO IE T Qe r R e ee e ee 
§ al M/67 590 2,230 2 7 7 13 8 6 x xX 7 B TR = — a =e = 
606 M/64 3,080 2,800 3 6 10o 10 II 10 9 È x 8 x — — — — — 
70 Fi22 3,710 6,550 3 9 Io 12 9 7 7 6 X X X = — — — — 
8a al F/63 1,465 700 2 2 &8 8 r0 i0 8 x X B ee ee omm mee e 
9a M/53 B105 §,500 8 6 7 9 6 6 6 X X X e == = — — — 
rO M/$7 3,3290 2,695 5 5 BOP > a ons ae: ae ere cae 
1I M/65 2,145 885 3 3 S 9 FO IL EG II = =e eee ee eme e mn 
12 M/69 1,720 3,150 4 6 BO” 26. RE Agee ee ee, ee a a k 
13 al M/65 1,680 350 2 I 3 I1 8 10 Rm 
14 a, al {67 1,000 O I O 3 8 9 6 Gm mm ee e e e — 
isa al M51 1,710 3,360 2 3 a RS Gs Ge ee, ee ee a ee et eG at 
16 M/8 1,025 3,020 3 4 BOG SG ee Se ee ee ee ee ee a 
17 M/s6 1,120 o I O 2 13.7 XxX 6 — = =e eee ee ee oe ee 
18 F/76 1,680 700 2 3 2 a E k a eee hes ene a, eas S es. Geet, 
19a F/5r §,600 580 8 I I 4 Oe 8 = ee ee e ee ne e a a 
20a,al F75 1,900 180 3 I Ue 350 ee. pe ee ee ee Le ee 
21 M/65 6,720 1,680 8 2 2 2 8 x — = em ee 
22 Fi$9g 3,000 630 5 2 2 2 IO 10 — — — = me ee e e e 
23a M/64 8,000 O 8 O 4 9 8 xg mee 
24 F; s2 9,980 420 10 I I 2 9 IQ == = — e ee e m e e 
25 a M/64 1745 o 3 o I1 9 6 K e e e eee a 


Zachariae and Segaard.® 

The findings are cumulative figures representing total scores for fibrosis, judgements of membrana limitans, fibrous 
destruction and regeneration. Each finding was graded from 1 to 4, Grade 1 being no pathological change; x indicates 
that no cirrhosis was found. 

OAC = observation after cirrhosis; a = previously treated with arsenics elsewhere (and probably also vitamin A); 
al = previously heavy alcohol intake; o = obese; n = nephropathy with lowered renal function. 

Patients 3, 4, 20 and 25 died without signs of liver failure. 

*Age at time of cirrhosis diagnosis. 
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TABLE 4. Laboratory examinations before and afer methotrexate treatment of psoriasis 


eee macaten elaine mmm cen nee eerie anneanieeieeteeninetaiannmmeiieaieeeeeeaneaneae enna TAAA NAN Șab TO OOo 


Before therapy During therapy 
Haemoglobin, leukocyte and differential count, tirom- Lerkocvte and thrombocy-e counts, liver transaminases 
bocyte count 





Urine analyses, serum creatinine, creatinine cleazance Haemoziooin, PHINP 

Liver transaminases, alkaline phosphatases, bilirabin, Serum creatinige, creaticime clearance (optional) 
PHINP 

Chest radiography Chest mdsgraphy 


Liver biopsy, at least after 1-5 g accumulated metho- 
CoS Kae 


NA CLAS ARANNA TETTETETT N OTa Tu SSE RGA Hh POORER OAPAMA OPE PEE SNS O8 Seth AAAA 


PHINP = aminoterminal propeptide of :ype II procollagen. 


between psoriatics receiving MTX and those not rece:ving systemic treatment. So far, no 
malformations have been observed in the children of farners receiving MTX near the time of 
the child’s conception. This is in contrast to the children whose mothers were taking MTX 
during the first trimester of pregnancy. It is, thezefwre, to be recommended that MTX be 
avoided in both males and females whe are planning to have childrer. in the near future, and 
contraceptive measures should be continued for 3 months after the termination of therapy. 


RENAL COMPLICATIONS 


So far, with the dosages used in the treatment of psoriasis, renal impairment has not been 
reported. Kidney biopsies from rë psoriatics trested for + month -o 16 years’! have been 
studied, using light and electron microscopy. Three patients have teen treated for more than 
10 years. Fourteen of the 16 biopsies were normal, and the minor pathological changes found 
in two biopsies were not considered to be MTX -pelaced. 


INTERACT EO™ 


Methotrexate interaction can occur with a number of other drugs. However, in practice, the 
only serious problems arise with the concomitant use of sulphconamides, especially if combined 
with trimethoprim, and salicylates Fig 1). Interactioa with these drugs is due to competition 
for active renal tubular secretion and drug displacernent. In addition, phenylbutazone and 
oxyphenbutazone are best avoided. Although a nember of patients nave benefited from the 
combination of MTX and retinoids, a warning may be appropriate. Inour department, two out 
of Io patients being treated with MTX plus etretinate developed life-threatening drug-induced 
hepatitis, a condition which has mot been seen im any of the 531 patients taking MTX as 
monotherapy or in any of the 1 ro patients receiving etretinate on its own. 








MODULATION 





If leucovorin is administered a few į 
In cases of toxicity due to overdosing, 20 mg of leucavorin should te delivered parenterally 


with subsequent dosages every 6 hours, either orally or parenteral'y. according to needs. 
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GENERAL CONSIDERATIONS 


The revised guidelines for MTX therapy in psoriasis? are recommendations which, in general, 
should be followed. It is mandatory that patients be given clear instructions, and that they 
receive special warning of drug interactions. The crucial factors in MTX treatment are that: 
indications should be good; the drug should only be used for severe and disabling psoriasis or 
active pronounced psoriatic arthritis; both the patient and the physician should be aware of the 
risk of side-effects and willing to undertake the necessary control (Table 4). If these rules are 
adhered to, the risk:benefit ratio for the drug is favourable for MTX as a valuable agent in 
psoriatic therapy.’ 


p 
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Risk:benefit ratio in the treatment of psoriasis with 
systemic retinoids 


B.HALIOVA AND J.-H.SAURAT 


Department of Dermatology, Cantonal University Hospital, Geneva, Switzerland 


SUMMARY 


This is a review of the efficacy of etretinate/acitretin in the treatment of psoriasis and of the 
currently reported side-effects. The data indicate that retinoids bring significant improvement 
(if not total clearing) with frequent low-morbidity but rarely serious side-effects. The most 
serious side-effect of etretinate/acitretin is teratogenicity. 


Nearly a decade has elapsed since the introduction of synthetic retinoids for the treatment of 
skin diseases such as acne, psoriasis, congenital disorders of keratinization and neoplastic 
lesions of the epidermis.’ This group of compounds has a toxicity that limits their clinical use. 
This is an evaluation of the risk:benefit ratio in the treatment of psoriasis with systemic 
retinoids. 


BENEFITS OF RETINOID THERAPY FOR PSORIASIS 


Among the synthetic retinoids that have been employed, two second-generation monoaromatic 
compounds, etretinate and acitretin, are efficacious in the treatment of psoriasis.” Isotretinoin 
has less of an antipsoriatic effect.2 Most of the data evaluating the efficacy of these compounds 
in psoriasis are based on etretinate, which has been available in some countries for nearly 10 
years.” However, the premarketing data indicate that acitretin, the free acid metabolite of 
etretinate, has a similar efficacy in psoriasis (Table 1). 


Total clearing 

Total clearing of chronic plaque psoriasis (approximately 30%, after 3 months with 0-6-1 
mg/kg/day) may be observed after monotherapy, although this is not necessarily the rule. The 
decrease in the Psoriasis Area and Severity Index (PASI) score is approximately 60~70°,, 
depending on the dosage.” Total clearing usually requires a combination of treatment [topical 
steroids,'® anthralin (dithranoD" or PUVA]. Acitretin is particularly effective for chronic 


Correspondence: Professor J.-H.Saurat, Clinique de Dermatologie, Hôpital Cantonal Universitaire, 1211 Genève 4, 
Suisse, 
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TABLE 1. Summary ef the efficacy of etpetimate acitretin in psoriasis 


nena nearer enemaeeeaeaeeinlirimmneninneiaieiemmmmennatetinenneminierennnnenmnnmmmee a a aaa rename ETT TT 


Total clearing achieved 
E 





ka a aoe a goCe ~ Rebound sfeer Prolongs diseese- Maintenance therapy 

Type of psoriasis |§ Monotherapy Combined stopp free interval avoids relapses 
Chronic plaque 30°, Yes, “PUVA Ne Possibie* Possible* 
Pustular 

Generalized Usually Ne Possible* Possible* 

Localized Usually Ne Possible* Possible” 
Erythrodermic Usually Ne Possibk* Possible* 
Saanane a a a 

* See text. 


plaque psoriasis in combination with PUVA and significantly decreases the amount of UVA 
necessary for total clearing.*' In some patients with disabling areas of psoriatic involvement, 
such as on the hands and feet, monotherapy usually prcduces a significant improvement. Both 
localized and generalized pustular psoriasis as well as erythrodermic psoriasis clear more 


£ 


frequently with etretinate/acitretin monotherapy. =" 


Rebound of psortasis 
Rebound does not usually occur after stopping acitretm/etretinate treatment.”® 


Disease-free interval 
Little significant data are available on this aspect of treatment. 


Maintenance therapy and relapses 

Individual reports and observations indicate that some patients benefit from low daily doses 
(20 mg/day) and that dese tapering is followed by exacerbation. In a long-term double-blind 
study with etretinate (0-5 mg/kg/day), it was shown that, although relapses were sooner in 
patients receiving placebo, approxirnately 40%, of those taking etretinate also relapsed during 
maintenance therapy.” 


Efficacy in psoriatic arthritis 

Etretinate is effective in some cases of psoriatic arthritis and in Reiter's disease. Arotinoid ethyl 
ester (Ro 13-6298) has been successful in the treatment of severe psoriatic arthropathy 
previously unresponsive to non-steroidal anti-inflamerstory drugs. 





RISKS OF RETINGID THERAPY FOR PSORIASIS 


The adverse effects of monoaromatic retinoids in the treatment of pseriasis can be divided into 
two groups: Type I (predictable) and Type H (ungredictable: (Table 2).?’ 


Mucocutaneous side-effects 
The frequency and intensity of mucocutaneous side-effects vary considerably, but rarely 
require discontinuation of treatment, and all are dese-dependent (Table 3). 


Xerosis of the skin. This is the most common cutanewus.side-effect and is frequently associated 
with pruritus and sometimes with erythema. The skir. appears smeoth and shiny. +879 
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TABLE 2. Types of side-effects of monoaromatic retinoids 





Type I Type II 

Pharmacological effect undesirable Toxic effect (involving organs 
(same mechanism of action as or tissues in which no 
therapeutic effect) therapeutic effect is required) 

Predictable Unpredictable 

Constant in all patients Rare (therapeutic dose} 


(therapeutic dose} 
Individual susceptibility 


idiosyncratic) 
Early appearance (few days) Late appearance (few weeks) 
Intensity is function of daily dose Intensity is function of 


cumulative dose 


Rapidly reversible after Slowly reversible after 
discontinuation discontinuation with possible after-effects 


amannenn aaO 


From J.M.Geiger, unpublished data. 


Skin fragility. This may account for the blisters and erosions seen with etretinate.2°3' Des- 
quamation, particularly of the palms and soles, is frequent,’ and facial dermatitis mostly on the 
central parts of the face can be seen. A dermatitis may develop in other sites, such as the trunk 
and legs, with occasional small haemorrhagic fissures.” Patients also complain of a ‘sticky’ 
sensation of the skin? while feeling cold and chilly. 


Dryness of the mucous membranes. Cheilitis is seen in the majority of patients and may be useful 
for assessing dose and compliance. It occurs with a daily dose of >0-3 mg/kg etretinate and 
peaks at 6-8 weeks. The condition persists throughout treatment and improves rapidly on 


TABLE 3. Mucocutaneous side-effects with etretinate/acitretin 
seme LL LL aana 


Xerosis of skin; pruritus; erythema”??? 
Skin hyperfragility: Palmoplantar desquamation; stickiness; facial dermatitis? 134 
Dryness of mucous membranes (oral, nasal, vaginal and rectal); cheilitis; epistaxis?" 
Retinoid dermatitis?*3* 
Exuberant granulation tissue?” 
Photosensitivity>'53 
Hair side-effects: hair loss; curly and twisted hair (pili torti)54"57 
Nail side-effects: Paronychia-like reaction; nail-plate abnormalities with thinning, hyperfragility and softening" 
Other side-effects: 

Nodular prurigo-like eruption®4 

Leucocytoclastic vasculitis 

Generalized oedema 

Erythema multiforme-like skin rash’! 

Papular and pustular eruption of palms and soles?®?'®3 

Ruptured striae atrophicae'™4 


see LLL O AOE 
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discontinuation of the drug. Scaling fissured inflancmatien of the lips has been reported, and 
other mucous-membrane sites, includmg the nose, rectum, ureta and vagines, may be 
affected.” Epistaxis is caused by thonning and fragility cf the nasal mucosa.” 





Sgurat 


Retinoid dermatitis. This affects up to 50%, of patients.’ The erythematous papular rash may 
be difficult to differentiate from the umderlving psoriasis,” mycosis fungoides’ ær eczema 
craquelé.” The extreme erythema, dryness and Cesquemation of the skin may fead to an 
erythroderma. Some workers have linked this erythroderma to low serum albumin levels which 
lead to the amount of free drug increas:ng te levels of texicity.>* 

Whether these adverse effects or epidermal function are drug-related is not ascertained. 
Retinoid therapy decreases the number of tonofilaments and desmcsomai attachments in the 
epidermis,” and leads to the accumulation of amocpheus material both within and between 
keratinocytes.*° Imperfect barrier function becawse o? decreased epidermal and dermal 
cohesion is responsible for the xerosis and skin fragility * 





Exuberant granulation tissue. This affects the toe webs, azil sulcus and groin*#? and multiple 
pyogenic granulomas have also been reported with etret-nate therapy. This side-effect may 
represent an exaggerated healing response due to the retinoids*’ as, 74 vitro, dermal Abroblasts 
are stimulated and collagenase and gelatinase activity inhibited.” The presence of large 
amounts of acid mucopolysaccharices in the granulaticr tissue stroma may be related to the 
effects of retinoids on the synthesis of giycoproteirs anc acid muccpolysaccharides.47* 

Pyogenic granulomas may be the result of either the fragility of the skin allowing penetration 
of microorganisms or the inhibition of neutrophil miggation to the tissues.” 


Photosensitivity. Abnormal cutaneous photosensitiv:ty is a frequent adverse effect of etretinate, 
affecting 7-9"., of patients. This ow incidence cf drug-induced shototoxicity suggests an 
idiosyncratic variability in the metabolism and/or pharmacokinetics of the drug.’' 

In vitro photohaemolysis, which screens the phosotoxic potential of the drugs in “he blood- 
stream, revealed that acitretin was ohototoxic while etretinate was not.” Whether photosen- 
sitivity is due to thinning of the straturn corneum remams uncertain. 


Changes of the hair. More than 75“. of patients report diffuse hair loss, but alopeciz occurs in 
only approximately 20%, and in asseciation with high dosages. It is reversible on stopping the 
drug or reduction of the daily dese.*** The hair may also become kinked, curly or twisted (pili 
torti). Thinning of the hair is probably the reswit of telogen efflevium, and the condition 
and appearance of the hair may alee on regrowth.’ 


Changes of the nails. The most commen changes of the nails with etretinate are thinning, 
increased fragility, softening, loosening and eventaal stedding.** Paronychia-like changes 
with redness and swelling of the skin fald around the cystrophic mail have been #eported.*4 
ees tissue in the nail a = a Top indepencently of the dystrophy.” M. 











wail growth 


Other changes. Nodular prurigo-like eruptions“? may be the result of acanthesis due to 
retinoids,” and a pityriasis rosea-like eruption has been confirmed by rechallenging with the 
drug. Leucocytoclastic vasculitis was seen in five patients receiving etretinate and was 
considered to be drug-related.” 
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TABLE 4. Extracutaneous side-effects with etretinate/acitretin 


RE LT CL NLL ASL N NNT SORA ANAA 


Skeletal Adults: 
Vertebral abnormalities 
DISH-like changes 
Osteophytes on vertebral bodies 
Spinal hyperostosis 
Calcification of anterior spinal ligament 
Extraspinal involvement 
Tendon and ligament calcification 
Osseous hyperostosis 

Children: 

Osteoporosis, skeletal pain 
Periosteal thickening 
Premature epiphyseal closure 
Slender long bones, narrow discs 


Hepatic Elevated liver enzymes in serum 
Severe hepatotoxic damage 
Lipid Hypertriglyceridaemia 
Hypercholesterolaemia 
Ocular Blepharitis 
Conjunctivitis 
Night-blindness 
Neurological Headache 
Intracranial hypertension 
Muscular Myalgias 
Muscle weakness 
Aural Otitis externa 
Earache 
Genital Sexual impotence (in males) 
Sexual dysfunction and menstrual changes (in females) 
Teratogenic Spontaneous abortion 
Limb, craniofacial and CNS malformations 
Biological Elevated creatinine kinase 


Decrease of erythrocytes 

Increase of monocytes 
Miscellaneous Fatigue 

Nausea 

Renal oedema 

Lymphoma 

Gynaecomastia 


——eeremeceneentnneenemenanmsentenentaansitantantinnstesnsnsinteusnenienensnentntnntime—ennnmiiernitieipiittiironeceose. 


Extracutaneous side-effects 
These are summarized in Table 4. 


Skeletal toxicity in adults. Chronic retinoid toxicity of the bones has been reported in adults 
taking etretinate. Skeletal changes, including demineralization, rarefaction of bone, cortical 
hyperostosis, periosteal calcification, thinning of the long bones or premature epiphyseal 
closures, are well-known symptoms of chronic hypervitaminosis A syndrome.” The most 
commonly involved areas are the vertebrae and extraspinal ligaments.” 

These changes occur more often in the cervical than in the thoracic or lumbar spine.” The 
abnormalities are related to ageing and the diffuse idiopathic skeletal hyperostosis (DISH) 


140 B.Falima and J.-F. Saurat 
TABLE §. Skeletal abmorma:ities reparted children taking etretinate 


LLL TN LL ST LN LAST NTT A NORTON ATAARE Ah NERA PE EAs n:a aaea 





No. of cases Age Dese Duratisa 
Authors (ref.) (total? (years. Gender (me) ky/day) (years) Skeletal abnormalities 
Halkier er al’? I I'd F O78 74 Periosteal thickening of 
ulnar and metacarpal 
bones 
Progression of periosteal 
thickening of fibula 
I 74 F o 86 o5 Mild disc narrowing 
(2) 
Glover et al.®9 O Es M. Os I No bony abnormalities 
(1) detected using ?°™TcMDP 
Van der Schroeff, O 4-14 BM O73 8-66 mes No skeletal toxicity 
Van der Rhee’? (19) (mean %9) uF (mean 06) ‘mean 33) 
Rosinska et al” I R15 7M O2-1 _ Osteoporosis 
p 
(10) (mean x1) 3 F 


ANANMAN ONAA TARUTTTOTER AAAA NARRA AADAT TTT l AAEE AAR a NAAA ARA AAA A EANAN NAAA oaan AARO 


%™TCMDP = technetium 99m methylene dipkosphonate. 


syndrome.” The radiological and pethological atures of this syndrome, according to 
Resnick,” are: ‘flowing’ calcification: anc ossificatiomof the anterolateral aspects of at least four 
adjacent vertebral bodies; preservatien of the intervertebral disc space in the involved areas and 
absence of radiological changes of ‘degenerative’ disc disease; absence of apophyseal bony 
ankylosis and sacroiliac erosion. Spinal hyperostos:s is the result of bony accretion on the 
anterosuperior and anteroinferior margins of the vertebral bodies. ®® Calcification of the 
anterior spinal ligament and osteophytes on the vertebral bodies hawe also been reported. 

‘Tendon and ligament calcification™>** was bilatera! in 84%, of cases and multifocal in 69°, ,”4 
and affected, in a decreasing order of frequency, the ankle, pelvis, kmee, shoulder and elbow.‘ 
Hyperostosis of the calcanei at the -nsertion of the plantar ligament and hyperostoses of the 
anterolateral lips of the acetabula were also foursd.*? Evaluation of the biochemical and 
hormonal parameters of bone metabolism (serum calcium, alkaline phosphatase, osteocalcin, 
calcitonin and parathormone levels’ revealed no significant changes efter 6 months of acitretin 
treatment (0-4—0'8 mg/kg/day).** 

The incidence of skeletal toxicity in adults is probably underestimated. In one study, 84%, 
of 38 patients showed extraspinal teadom and ligament calcification on radiography, and 29% 
showed spinal involvement similar © diffuse idiopasnic hyperostosis after 5 years of etretinate 
therapy.” Scintigraphy of the bone in patients treaved with etretinete revealed no changes.” 
The severity, but not the incidence, of these abnormalities appears to be related to both the 
dose and duration of treatment.” 











Skeletal toxicity in children. In chikdrer. receiving <tretinate for psoriasis between 1980 and 
1989," skeletal alterations were less frequent tham expected ‘Table 5). Only three out of 32 
children had skeletal abnormalities, which consisted of osteoporosis, periosteal t ickening, 
premature epiphyseal closure, slender long bones, essification of the interosseous membranes 
of the forearm, skeletal pain, disc narrowing and cortical bone resorption. These changes were 
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usually asymptomatic and independent of changes in serum calcium, phosphate and alkaline 
phosphatase concentrations,” and were probably related to individual susceptibility, treatment 
for 5 years of more and high doses of etretinate. 

Vitamin A is essential for normal bone metabolism” and, in experimental animals, bone 
growth, including appositional bone formation, is accelerated by excessive doses of vitamin A.” 
Osteoblasts synthesize osteoid which, with optimal blood calcium and phosphate concentra- 
tions, mineralizes to form bone.” As retinoids increase epidermal interleukin-1 (IL-1),” it is 
likely that retinoids also enhance IL-1 production in bone. Granulocyte/macrophage colony 
stimulating factor may be important in the relationship between osteoblasts and osteoclasts.” 
The toxicity is the result of the acceleration of bone and cartilage resorption.” 


Liver function abnormalities. Approximately 20-30% of all patients receiving etretinate develop 
temporary abnormal liver function tests,* indicated by a slight transient increase in aspartate 
transaminase (ASAT, SGOT), alanine transaminase (ALAT, SGTP), lactate dehydrogenase 
(LDH), gamma-glutamic transpeptidase (gamma-GT) and alkaline phosphatases. These 
usually occur after 0-5-2 months of treatment, but are completely reversible after either 
reduction of the dose or discontinuation of the therapy.” 

Twenty-four reported cases of severe hepatotoxic damage (Table 6), confirmed by liver 
biopsy, can be divided into three categories. The first was hepatitis?’ that occurred only in 
women aged 40-70 (mean 61) years except in one (male) case.'°? The condition developed after 
2-18 weeks and appears to be idiosyncratic, as suggested by exclusion of other possible 
aetiological factors and near resolution of the biochemical abnormalities after discontinuation 
of the drug. In two patients, acute hepatitis resulted from a probable drug hypersensitivity, 
suggested by its association with fever and eosinophilia.‘*’* Four cases of chronic active 
hepatitis were also reported,’ comprising a second type of hepatotoxicity. There was one 
case of mild cirrhosis after combination therapy with methotrexate and etretinate."” 

Several studies including liver biopsies to identify possible chronic hepatotoxicity in 79 
patients receiving long-term etretinate treatment (up to 6 years)'°?"'? showed no hepatotoxic- 
ity. A prospective study including liver biopsies from 17 patients who had received etretinate 
treatment for 3 years also revealed no significant liver damage. Recently, Camuto’’ evaluated 
liver function and morphology in 18 patients treated with etretinate for at least § years. Six 
patients showed fatty infiltrations and two showed mild fibrosis. One patient with fibrosis and 
another with cirrhosis had both received previous treatment with methotrexate. 

Hepatotoxic reactions are well-known complications of long-term high-dose retinol 
therapy." Etretinate has a much lower affinity for the liver than does retinol. The drugs differ 
in their aromatic ring and ester end-group.’** Most of the synthetic retinoid-induced hepa- 
totoxic reactions are due to etretinate,'’® perhaps because the tissue:blood concentration of the 
drug in the liver is the highest (approximately 30-fold) and the drug is stored in the liver, 
suggested by the fatty infiltration seen on biopsy after prolonged treatment." The main site 
of etretinate storage is body fat and Ito liver cells are probably the storage sites of lipids and 
retinyl esters.'”° In liver biopsies of patients receiving etretinate for at least § years, Camuto'™ 
found a higher lipid level in their Ito cells than in those of controls. 


Serum lipid alterations. Hyperlipidaemia is one of the most common side-effects of retinoid 
therapy.” Plasma cholesterol and triglyceride values increased in patients receiving monoaro- 
matic retinoids.'*’ In approximately 50%, serum triglyceride values rise to more than 2-5 g/l 
and, in approximately 30-40% of patients, the serum cholesterol exceeds 3 g/1.77 7+ The 


mang = g teyrydoursoa = (yq faseieydsoyd oureyye = qy ‘oselojsuenoutwe ajevedse = | Sy faskiajsuedjoulwe aurure = LIY 


[Ro 





pI 


n JAN 
eee 


SOJE JOPOMSSBACGHOTLUE ‘sisGacou aiiydaUNner] dv LS Lie DORANG Suon E Aep sur of W 
SESOUN PIW dV LSV LIV g paeas  syjuow p sep/ĝy/3w | a gorp F 0A 
soneday yeliodiiad genod emago Od LSY LTY g paesag  ypuow 1 Aep dur of W eerie 12 Nowy 


rey 
wot a? E oamlad 


pype § 3 F wf ERS egy Sey ae : wera fe S pe i t A eae age a ? P 7 i" te 

SIS doo jerurazaid sulapiug ian UO!) LSVOLTW pae SYAIM T Agp Zu o$ (9 uosgqoowf g polog 
sHEdog [enad pueg Pep] LSY i y peiesejd aeai i ja orgon a pafo 

‘yO 12 isInbyYyEA 


‘Saurat 


Be 





Asp Bus gf 


SOPU oo PA SPH JIV LSY LIY powa SUOM Aep/3y/8ur Sg.o 


NOE 
boy IP j2 SSA 
cor 1? 18 STOR 

ag iU jž S400 A ULA 
ag ft 28 tony uta 
ga OW X AMY J, 


RHS N igdi 


i, 
£ 
SonRday aanor MUMMO OMA LSY LIY paresony UOU I Aep/8y/8ur $2.0 
(Asdorg JA] on) LSY LTV pawas sypou 9 ep Zy u 9.0 
t 
b 
t 


dJ- 


1070 Git 


SISQINALY MOm LSY LIY polessry syuow Aep/Sy/8ur 1 4 19 
dep/q/Bui i 4 Öb 
Aep Bu oS A tS 


SHBUSY [Eod] LSV iW PHEAJ p  Syiuut 
SIEOIIOU sepmqoponuy) dV LSY LIYE paes | sqpuoul 
spnedoy sanoe OEY LS LOTE R poissa ASt 9 


sr 


l 





Pe 
rae 


é pa ert 


aa ata pSimenyninenne regi Hn wena is O ERON ET EITE EEEE EEOAE EAA T hatapa aa EEEE E ITE EE NNE iien: iro 


sgurpuy sənyewnouqe JUJUG JU asoc] Japusry By sosto Can sony 
Asdolq Jeary uoun] IBA] uonemq Jo "ON 


a 





Ayorxolojeday MEUNI uo ainjesony JO Arewummns “9 @1aVL 


142 


Treatment of psoriasis with systemic retinoids 143 


changes are manifest after 2 weeks of treatment and usually peak by 8 weeks." The increase 
in triglyceride level was dose-related some studies,'?> but not in others." 

Reducing the dose of etretinate may reduce the lipaemia and, 4 weeks after stopping 
treatment, values will return to normal, indicating that the prolonged elimination half-life of 
etretinate does not delay reversal of the hyperlipidaemia. >!” The increase in serum lipids is 
not related to the pretreatment levels of triglycerides and cholesterol 15% Patients with 
predisposing factors, such as obesity, alcoholism, diabetes mellitus, familial hyperlipidaemia 
and nicotine abuse, have a higher incidence of hyperlipidaemia with etretinate.'! 

Fractionation studies of triglycerides show that the largest increase is in the very low-density 
lipoprotein (VLDL) fraction, with smaller increases in low-density lipoprotein (LDL) and no 
change in high-density lipoproteins (HD Ls). 7 re The largest increase in cholesterol is in 
the LDI., with a smaller increase in the VLDL and a smal! decrease in HDL,'*4+'©!78 presum- 
ably a reflection of changes in HDL composition rather than a decrease in the number of HDL 
particles. Lipoprotein structure is dependent on its apoprotein constituents, which form an 
interface between the non-polar lipid core (triglyceride and cholesteryl esters) and the outer 
layer (phospholipid and free cholesterol). After etretinate therapy, increased concentrations of 
apoprotein B, the major component of VLDL and the only apoprotein in LDL, have been 
reported. A small increase in total apoprotein A, the major constituent in HDL, was also 
detected.'** Levels of apoprotein Ar and A2 remained unchanged. It may be that chronic use 
of oral retinoids leads to an increased risk of atherosclerotic cardiovascular disease. ‘*' 

Although the mechanisms of retinoid hyperlipidaemia are not known, according to 
Marsden™' there are four possibilities: (1) Increased absorption of dietary lipids; (2) Increased 
chylomicron production or reduction of its clearance; (3) Increased synthesis of triglycerides 


and cholesterol in the liver; (4) Increased synthesis or decreased catabolism of VLDL and 
LDL. 


Ocular manifestations. Etretinate has side-effects involving the eyelid, conjunctiva, cornea and 
retina. Blepharitis may occur due to an increased susceptibility of the eyelid to sunburn.” 
Blepharoconjunctivitis is the most frequent ocular adverse effect. The symptomatology is 
variable, involving dryness with slight irritation or pain. Dryness of the conjunctiva prevents 
the wearing of contact lenses. 

A recent report’? on four patients receiving etretinate therapy demonstrated a significant 
colour blindness in the blue~yellow spectrum and extending to red-green with higher cumula- 
tive doses. Deuteranomalous indications were revealed by anomaloscopy. Another retinal 
dysfunction was the loss of dark adaptation, confirmed by electroretinography (ERG) which 
records changes in the electrical potential in the retina after light stimulation." 

Vitamin A (retinol) is essential for vertebrate retinal photoreceptor function. The metabol- 
ism of retinol in the optic system allows the synthesis of the chromophore r1-cis retinal," 
which combines with the protein opsin in the retinal pigment epithelium to form rhodopsin," 
the visual protein of the photoreceptors. A recent study’ showed that retinoic acids inhibit the 
ocular retinol dehydrogenases in vitro, which is followed by loss of 11-czs retinal to the 
photoreceptors which may lead to retinal dysfunction." Differences in the binding affinities 
of particular retinoids to various opsins may explain the diversity of retinal side-effects. Some 
workers suggest that the eyes of patients receiving long-term etretinate should be examined 
regularly with special attention to colour vision and dark adaptation, '*° 


Central nervous system effects. An increase in intracranial pressure was seen in three patients 
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receiving etretinate therapy.” Insracranial hyperension was associated with headache, 
nausea, vomiting, impaired vision and papilloedema. 





Muscular effects. Frequently, patients taking etretinate present witk intermittent muscular 
pain. An increase in muscle tone in patients taking etretinate for 3 years. or more”? sometimes 
caused a slightly stooping posture and stiffness. The upper trunk, middle and lower parts of 
the thoracic and lumbar spine, and the leg muscles are usually involved. Histological and 
ultrastructural studies revealed muscle damage due to etretinate as a segmental muscle 
necrosis,” and electromyography bas demonstrated subclinical muscle damage of short 
duration and low-amplitude action potential. * 





Aural effects. Otitis externa and earaches have been reported'*''” with etretinate treatment. 
The mechanisms of these adverse events may be related to the increases in apocrine sweat gland 
secretion, such as of the ceruminous glands, as shown in the external zar canal of dogs treated 
for more than 6 months with high cases cf etretinaw .'? 


Reproductive system effecis. Investigacion of male pacients receiving etretinate for changes in 
reproductive capacity or pathological alterations in spermatograms ^as revealed no adverse 
effects." Spermatozoal DNA showed ne significant changes on impulse cytophotometry,'* 
and fructolysis, the main source of energy in human spermatozoa, was apparently not affected 
by therapeutic doses of etretinate."*° Several cases of impotence in mer have been reported, but 
a relationship to the drug was not conirmed.’” Sexual dysfunction anc menstrual changes have 
been described in female patients." 


Teratogenicity. Vitamin A and its derivatives are wel -known potent teratogens. In addition to 
their embryopathic effects, these medications also lead to spontaneous abortion in about 
one-third of pregnancies, ® and etretmnate-2xposed pregnancies were gssociated with a relative- 
ly high risk of congenital malformatiors including craniofacial, limb and central nervous 
system defects.’ Cardiac abnormalities have not been reported with etretinate, unlike the 
pattern of abnormalities seen with isotrecinom.'*' O? 37 pregnancies occurring within 2 years 
of stopping treatment, only three congential malformations were considered possibly etreti- 
nate-related.’** Acitretin is also a potent teratogen," but there are no reports of embryopathies 
with this retinoid. 


Biological abnormalities. No alteration of thyroid function during etrezinate treatment has been 
reported,’ although blood glucose values may decrease slightly.=5 An increase of blood 
monocytes and decrease of erythrocrtes have been noted after long-term etretinate treatment, 
and creatine kinase was raised in two petients.'* 





Miscellaneous effects. Only three cas2s of oedema‘*?** and one case of gynaecomastia’® have 
been reported and, although there were two cases of lymphoma, whether these were drug-relat- 
ed is not known.’® Fatigue has been -eperzed in 15%, of patients, and gastrointestinal tolerance 
is generally good with cnly 2%, complaming of nausea.® 


CONCLUSIONS 


The risk:benefit ratio of any therapy is difficult to evaluate as much depends on the specific 
morbidity of the disease in any given patient. After nearly 10 years of use, except for the 
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teratogenicity, etretinate may be considered a relatively safe drug. Severe morbidity resulting 
from the retinoid-induced side-effects is rare, and most of the side-effects are reversible after 
stopping therapy. In evaluating the benefit of etretinate/acitretin for psoriasis, the morbidity 
of the benign mucocutaneous side-effects should be considered as they have an effect on the 
quality of life. Etretinate/acitretin as monotherapy does not achieve total clearing in all 
patients, but may be a significant adjuvant therapy for PUVA by reducing the carcinogenic 
risks of that modality. Only long-term evaluation of these parameters will determine the 
position of retinoids in comparison to CyA in the treatment of psoriasis. 
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